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TWELFTH  ANNUAL  REPORT  OF  THE  DIRECTOR 

OT  TBS 

MASSACHUSETTS    STATE     AGRICULTURAL 
EXPERIMENT    STATION, 

AMHERST,  MASS. 


To  the  Honorable  Board  of  Control 

Gentlemen:  —  The  diflferent  lines  of  investigation  de- 
cided upon  in  preceding  years  have  been  pursued  during  the 
past  year.  No  material  changes  have  been  introduced  in 
regard  to  the  general  character  of  the  work  assigned.  The 
different  plans  for  the  experiments  presented  from  time  to 
time  at  the  quarterly  meetings  for  your  endorsement  have 
been  carried  out  as  far  as  practicable  to  the  full  extent  of 
the  means  at  hand.  The  results  obtained  in  this  connection 
compare  well  with  those  of  preceding  years.  The  advanced 
stage  of  some  of  the  experiments  imparts  to  the  results 
obtained  for  obvious  reasons  from  year  to  year  an  increased 
interest,  and  may  claim  for  our  reports  a  due  consideiution 
on  the  part  of  our  farming  community  as  well  as  students  of 
agricultural  progress  in  general. 

The  feeding  experiments  with  different  kinds  of  farm  live 
stock,  inaugurated  soon  after  the  establishment  of  the 
Experiment  Station,  have  received  ever  since  most  careful 
attention.  The  inquiries  into  the  economy  of  substituting 
several  reputed  forage  crops,  new  to  our  section  of  the  coun- 
try, for  meadow  hay  in  the  daily  diet  of  milch  cows,  have 
been  continued  during  the  past  year  with  much  success. 
Several  new  kinds  of  waste  products  of  corn  (maize)  and 
other  grains  have  been  tested  with  reference  to  their  degree 
of  fitness  to  serve  as  ingredients  in  eflScient  grain  rations  for 
different  kinds  of  farm  live  stock.  Much  work  has  been 
accomplished  in  connection  with  the  use  of  the  Babcock 
apparatus  for  the  determination  of  fat  in  milk  and  cream. 
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The  question  of  using  skim  milk  supplemented  in  various 
ways  for  the  production  of  veal  has  been  studied  in  a  series 
of  experiments  with  calves. 

The  digestion  experiments  with  sheep,  for  the  purpose  of 
ascertaining  the  rate  of  digestibility  of  the  various  food  con- 
stituents of  some  new  coarse  and  fine  feed  stuffs  peculiar 
to  our  markets,  have  been  materially  increased  in  number. 
The  detailed  record  of  these  and  other  observations  of 
interest  in  this  connection,  which  have  been  under  the 
special  supervision  of  Dr.  J.  B.  Lindsey,  associate  chemist 
of  the  Experiment  Station,  furnishes  the  first  part  of  the 
accompanying  annual  report,  under  the  following  head- 
ings :  — 

Part    I. 

Feeding  Experiments. 
I.    A  practical  talk  about  feeding. 
II.     Objects  of  the  different  experiments. 

III.  Feeding  experiments  with  milch  cows  (two). 

IV.  Hay  substitutes. 

V.    The  Babcock  v.  the  space  system,  etc. 
VI.    Feeding  experiment  with  steers. 
VII.    Feeding  calves  for  veal. 
VIII.    Digestion  experiments. 

1.  Digestion  experiments  with  sheep. 

2.  The  digestibility  of  the  pentosans. 

The  experiments  in  the  field  and  in  the  vegetation  house 
have  been  quite  numerous  and  of  a  varying  character. 
Some  of  them  are  a  continuation  of  those  of  former  years, 
while  others  are  new.  Much  attention  has  been  devoted  to 
the  raising  of  nutritious  forage  crops  fit  for  green  fodder, 
hay  and  ensilage ;  the  results  are  gi-atifying,  and  cannot  fail 
to  exert  a  desirable  influence  on  the  future  supply  of  coarse 
fodder  for  farm  live  stock,  as  far  as  quantity  as  well  as  cost 
of  production  and  valuable  composition  is  concerned.  The 
good  success  noticed  in  the  field  during  the  first  part  of  the 
summer  season  was  in  some  instances  seriously  checked  by 
a  severe  drought  during  the  month  of  August.  A  descrip- 
tion of  the  different  experiments  carried  on  in  this  connec- 
tion by  the  writer  forms  the  second  part  of  the  succeeding 
annual  report,  under  the  following-named  headings :  — 


1895.]  PUBLIC  DOCUMENT— No.  33.  9 

Part  II. 

Field  Experiments. 

1.  Field  experiments  for  the  purpose  of  studying  the  economy 

of  raising  leguminous  plants  (clover,  etc.)  as  a  means  of 
enriching  the  soil  in  nitrogen  in  the  interest  of  the  subse- 
quent raising  of  grain  crops  (Field  A) . 

2.  Field  experiments  with  several  prominent  varieties  of  pota- 

toes and  some  prominent  mixed  forage  crops  (Field  B). 

3.  Field  experiments  to  ascertain  the  influence  of  different  mix- 

tures of  commercial  fertilizers  on  the  yield  and  general 
character  of  several  prominent  garden  crops  (Field  C) . 

4.  Experiments  with  forage  crops  (27),  to  study  their  fitness 

for  our  climate  (Field  D). 
<5.    Trial  of  an  early  maturing  variety  of  Minnesota  dent  corn 
(Field  E). 

6.  Field  experiments  with  different  commercial  phosphates,  to 

study  the  economy  of  using  the  cheaper  natural  phosphates 
or  the  more  costly  acidulated  phosphates  (Field  F). 

7.  Experiments  with  forage  crops  (vetch  and  oats  and  Hun- 

garian grass,  Field  6). 

5.  Field  experiments  to  study  the  effect  of  phosphatic  slag  and 

nitrate  of  soda  as  compared  with  ground  bone  on  the  yield 
of  oats  and  com  (east  field)  • 
9.     Experiments  with  permanent  grass  lands  (meadows). 

10.  Orchard.     Experiments  with  home-made  stable  manure,  un- 

leached  wood  ashes  and  several  mixtures  of  fertilizing 
materials  on  the  growth  and  yield  of  several  varieties  of 
fruit  trees. 

11.  Observations  in  the  vegetation  house. 

12.  Report  on  general  farm  work. 

The  work  in  the  chemical  laboratory  of  the  station  is 
steadily  increasing.  The  progress  of  the  work  in  the  field, 
the  barn  and  the  vegetation  house  in  some  cases  calls  for 
much  analytical  chemical  work,  and  the  applications  of  the 
citizens  of  the  State  for  free  analyses  of  fodders,  fertilizers, 
well  water  and  a  variety  of  waste  products  are  from  year  to 
year  more   numerous.     The  amount  and  character  of  the 
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work  in  the  chemical  laboratory  may  be  judged  from  the 
following  statement,  which  represents  the  third  part  of 
the  report :  — 

Part  III. 

Special  Work  in  the  Chemical  Laboratory. 

I.     Communication  on  commercial  fertilizers  :  — 

1.  General  introduction. 

2.  State  laws  for  the  regulation  of  the  trade  in  commercial 

fertilizers. 
8.    List  of  licensed  manufacturers  and  dealers  from  May  1^ 
1894,  to  May  1, 1895  (58). 

4.  Analyses  of  licensed  fertilizers  (253). 

5.  Analyses  of  commercial  fertilizers  and  manurial  su})stances 

sent  on  for  examination  (145). 

6.  Miscellaneous  analyses  (4). 

7.  Miscellaneous  fodder  analyses  (69). 

The  chemical  analyses  made  in  connection  with  investigations 
carried  on  at  the  station  are  reported  in  the  description  of  the 
work. 

II.    Analyses  of  milk  sent  on  for  examination  (40) . 

III.  Analyses  of  water  sent  on  for  examination  (200). 

IV.  Compilation  of  analyses  made  at  Amherst,  Mass.,  of  agri- 

cultural  chemicals  and  refuse  substances  used  for  fertil- 
izing purposes. 

y.  Compilation  of  analyses  made  at  Amherst,  Mass.,  of  fodder 
articles,  fruits,  sugar-producing  plants,  dairy  products^ 
etc. 

VI.    Table  of  digestibility  of  American  feed  stuffs. 

The  weather  observations  for  local  purposes  hare  been 
continued,  and  copies  of  our  records  have  been  regularly 
sent  to  the  United  States  department,  according  to  direc- 
tions. The  periodically  published  bulletins  have  been  aa 
many  as  in  previous  years.  The  number  of  regular  appli- 
cants for  copies  is  increasing.  The  supply  of  copies  of 
previous  years  is  in  many  cases  exhausted. 

The  condition  of  the  buildings  pointed  out  in  mj"  preced- 
ing report  has  not  been  changed ;  some  of  the  farm  build- 
ings need  repairing  of  roofs  and  repainting.     The  laboratory 
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buildings  (brick)  are  in  a  fair  condition ;  their  outfit  has  not 
been  materially  increased,  for  economical  reasons. 

In  concluding,  it  gives  me  particular  pleasure  to  acknowl- 
edge the  satisfactory  assistance  I  have  enjoyed  from  all  par- 
ties associated  with  me  in  carrying  out  the  work  assigned . 
Thanking  you  for  the  kind  consideration  received  in  the 
past,  I  am. 

Yours  very  respectfully, 

C.  A.  GOESSMANN, 

Director. 
Amherst,  Mass.,  Jan.  1,  1895. 
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ANNUAL  REPORT  OF  C.  A.  GOESSMANN, 

Trbasurer  op  the  Massachusetts  State  Agricultural  Experiment  Station, 
For  the  Tear  ending  Dec.  20,  1894. 

Received. 

Cash  on  hand  from  last  year, |252  65 

Cash  from  State  Treasurer,  appropriation,  ....  10,000  00 

Cash  from  fertilizer  account, 3,090  00 

Cash  from  dairy  bureau,       .......  n  OO 

-Cash  from  farm, 1 153  42 

-Cash  from  miscellaneous  sources, 79  95 

f  14,587  02 

Expended. 

Cash  paid  salaries |4^287  18 

Cash  paid  laboratory  supplies, 660  79 

Cash  paid  printing  and  office  expenses,        ....  887  63 

Cash  paid  farmer  and  farm  labor, 2,379  84 

Cash  paid  farm  supplies, 1  j64  24 

Cash  paid  fertilizer  account, 8,090  00 

Cash  paid  construction  and  repairs, 544  50 

Cash  paid  expense  of  Board  of  Control 90  54 

Cash  paid  incidental  expenses 382  92 

Cash  paid  library 277  84 

Cash  on  hand, 221  64 

114,587  02 


Summary  op  the  PKOPERTr  op  the  Massachusetts  State  Agri- 
cultural Experiment  Station  (Dec.  20,  1894). 

Lire  stock |645  00 

Tools,  implements  and  machinery, 843  90 

Produce  on  hand, 364  00 

Fertilizers 196  00 

Laboratory  Inventory 3,500  00 

Office  furniture,  library,  etc., 2,095  00 

Furniture,  herbariums,  library  and  collections,   .        .        .  1,300  00 

Photographic  supplies, 160  00 

Greenhouse  apparatus,  • 200  00 

Mycologists'  apparatus,         .......  350  00 

Chemical  apparatus  and  supplies, 300  00 

Buildings,  land,  etc 30,570  00 

140,513  90 

This  Is  to  certify  that  I  have  examined  the  books  and  aoooanU  of  Charlea  A.  GkMMoianii, 
treasurer  of  the  Maaaachufletu  AgrlcuUnral  Experiment  Station,  for  the  fiscal  year  ending 
Dec.  20, 1894,  and  find  them  oorrect,  and  all  dlsbnrsemenU  properly  voached  for,  wlih  a 
balance  tn  the  treaanry  of  two  hundred  and  twenty -one  fifty-four  onehnndredtha  dollars, 
which  is  shown  to  be  Id  the  bank. 

WM.  B.  SESSIONS, 

Jan.  15,  1895.  Auditor. 


FART  I. 

FEEDING   EXPERIMENTS 

AND 

DAJRY   STUDIES. 

BY  J.   B.   LINDSEY. 


I.     A  Practical  Talk  about  Feeding. 
II.     Objects  of  the  Different  Experiments. 

III,  Feeding  Experiments  with  Milch  Cows  (two). 

IV.  Hay  Substitutes. 

V.     The  Babcock  v.  the  Space  System,  etc. 
VI.     Feeding  Experiment  with  Steers. 
VII.     Feeding  Calves  for  Veal. 
VIII.     Digestion  Experiments. 

1.  Digestion  Experiments  with  Sheep. 

2.  The  Digestibility  of  the  Pentosans. 
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1.  A  BRIEF  PRACTICAL  TALK  ABOUT  SOME  OF 
THE  PRINCIPLES  INVOLVED  IN  FEEDING 
OUR  FARM  ANIMALS. 

In  order  to  feed  the  live  stock  of  the  farm  to  the  best 
advantage,  it  is  important  that  the  farmer  be  familiar  with 
the  elementary  principles  of  animal  nutrition. 

Now  the  body  of  the  animal  is  made  up,  generally  speak- 
ing, of  four  distinct  groups  of  substances,  namely,  (1) 
water,  (2)  flesh  (lean  meat),  (3)  fat,  (4)  ash. 

The  percentage  of  water  in  different  animals  in  different 
stages  of  growth  varies  in  round  numbers  from  40  to  85 
per  cent. ;  the  percentage  of  bone  framework  of  the  body 
from  6  to  12  per  cent. ;  the  flesh,  not  including  blood  and 
entrails,  composes  from  30  to  48  per  cent. ;  while  the  fat 
varies  from  5  to  40  per  cent. 

An  average  composition  of  the  various  farm  animals  would 
be  somewhat  as  follows :  bones,  8.9  per  cent. ;  flesh  and 
teeth,  40.1  per  cent. ;  fat  that  can  be  removed  by  mechan- 
ical means,  23.9  per  cent. ;  and  blood,  hair,  horns,  entrails, 
including  foods  contained  therein,  27.1  per  cent. 

The  milk,  an  animal  product,  contains  approximately  87 
per  cent,  of  water,  3.5  per  cent,  of  casein  and  albumen  or 
nitrogenous  matter,  of  which  the  lean  meat  of  the  animal  is 
also  a  type,  0.7  per  cent,  of  ash  and  about  8.5  per  cent,  of 
fat  and  milk  sugar. 

The  flesh  or  lean  meat  is  composed  of  nitrogen,  carbon, 
hydrogen,  oxygen,  sulphur  and  phosphorous ;  its  character- 
istic element  is  the  nitrogen.  Small  quantities  of  ash  also 
enter  into  its  composition.  The  bones  are  made  up  partly 
of  nitrogenous  matter,  such  as  glue,  gelatine,  etc.,  partly  of 
fat  and  partly  of  ash.     The  ash  or  earthy  part  of  the  bone, 
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as  some  call  it,  is  composed  principally  of  phosphate  of 
lime.     The  fat  contains  no  nitrogen,  but  has  as  high  as  7(L 
per  cent,  of  carbon,  the  balance  consisting  of  oxygen  and 
hydrogen. 

The  ash  constituents  of  the  body  consists  essentially  of 
lime,  potash,  soda,  magnesia,  iron,  phosphoric  acid  and 
sulphuric  acid.     The  phosphate  of  lime  predominates. 

Now,  these  various  substances,  making  up  the  animal 
body,  — flesh,  fat,  ash  and  water,  — are  formed  or  obtained 
direct  with  the  aid  of  the  oxygen  of  the  air  from  the  sub- 
stances termed  foods  that  the  animal  consumes.  Our  neat 
stock,  for  example,  consume  the  various  coarse  fodders  and 
grains  and  have  the  power  within  them  of  converting  these 
vegetable  foods  into  flesh,  fat  and  bone. 

Recognizing,  then,  the  composition  of  the  animal  body, 
both  as  regards  its  groups  of  substances  and  the  more 
elementary  substances  that  make  up  these  groups,  let  us 
turn  our  attention  to  a  brief  study  of  the  foods  from  which 
the  body  is  built  up. 


Classification  and  Composition  op  Cattle  Foods. 

(a)   Classification, 

For  our  purpose  cattle  foods  may  divide  into :  (1)  coarse 
fodders,  (a)  those  rich  in  carbohydrates  (cellular  matter, 
starch,  etc.)  and  low  in  protein,  and  about  50  to  65  per 
cent,  digestible,  (b)  the  legumes  when  cut  in  bloom,  rich  in 
protein  and  about  as  digestible  as  {a)  ;  (2)  root  crops,  also 
rich  in  carbohydrates  and  low  in  protein,  but  very  digesti- 
ble;  (3)  concentrated  foods  with  a  digestibility  of  from  75 
to  85  per  cent.  The  concentrated  foods  should  be  sub- 
divided into  (a)  those  rich  in  carbohydrates  and  compar- 
atively low  in  protein,  such  as  wheat,  rye,  barley,  oats  and 
corn ;  and  (b)  those  that  are  rich  in  protein  and  compar- 
atively low  in  carbohydrates,  as  peas,  beans,  gluten  feeds 
and  meals,  cotton-seed  meal,  linseed  meals,  peanut  meal, 
etc. 
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Table  of  ClastificcUion. 


CoABSs  Foods. 

Boots. 

CONCXNTBATED  FOOD8. 

(a) 
Low   Id  protein, 
high  Id  carbo- 
hvdratet;     60- 
66     per    oent. 
dtgeeUble. 

(6) 
High  la  protein, 
mediam  In  ear- 
bohydrates; 
60-66  per  cent, 
dlgeetlble. 

Low  In  protein, 
rich  In  carbo- 
hydrates; very 
digestible. 

(a) 
Low  In  protein, 
high  in  oarbo. 
hydrates;  76- 
86  per   cent, 
digestible. 

tein.     low     in 
carbohydrates; 
76-86  per  cent, 
digestible. 

Hays  of  varioiiB 
graMet,ttrawe, 
com  fodder, 
eom    straw, 
oom  enallage. 

Clovers,  peas, 
beans,    soya 
bean,  vetehes, 
serraidella,  ete. 

Mangolds,  sugar 
beeta,  tomlps, 
poutoes,  car- 
rots, etc. 

Wheat,  rye, 
barley,  oaU, 
oom. 

Pea    and     bean 
meal,   gluten 
feeds     and 
meals,    cotton, 
seed  meal,  lin- 
seed meals, 
peanut    meals, 
^tc. 

(6)  Composition. 

All  of  our  cattle  foods  have  been  divided  into  five  groups 
of  substances :  (1)  crude  ash,  (2)  crude  cellulose,  (3)  crude 
fat,  (4)  crude  protein,  (5)  extract  matter.  Water  is  always 
present,  and  might  be  called  a  sixth  group. 

Each  one  of  the  first  five  groups  can  be  resolved  into 
more  simple  substances.  With  some  of  the  substances  or 
compounds  making  up  the  groups  we  have  only  a  partial 
knowledge. 

(i)  Crude  Ash. 

By  crude  ash  is  meant  the  mineral  ingredients  of  the  plant 
or  seed  remaining  behind  after  the  organic  portion  has  been 
destroyed  by  fire.  The  ash  or  ashes  of  a  plant  consist 
essentially  of  lime,  potash,  soda,  magnesia,  iron,  phosphoric 
acid,  sulphuric  acid,  etc. 

Functions  of  the  Ash.  —  It  is  these  various  mineral  in- 
gredients that  serve  to  build  up  the  bony  structure  of  the 
animal ;  they  also  enter  into  and  are  necessary  components 
of  the  flesh  itself. 

(2)  Crude  CeUulose. 
The  crude  cellulose  is  the  coarse  or  woody  part  of  the 
plant;  we  may  term  it  the  framework  of  the  plant.  Its 
elementary  composition  is  carbon,  oxygen,  hydrogen  and  a 
small  percentage  of  ash.  The  crude  cellulose  is  largely 
present  in  straws  and  hays ;  the  various  grains,  on  the  other 
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handy  contain  but  a  small  percentage.  Cows,  oxen,  sheep 
and  horses  have  a  digestive  tract  ^o  arranged  as  to  be  able 
to  consume  and  digest  large  quantities  of  such  coarse  fod- 
ders. 

Inunctions  of  the  Cellulose. — It  cannot  form  flesh,  but 
serves  to  produce  vital  energy  and  fat. 

(5)  Crude  Fat. 

By  crude  fat  is  meant  not  only  the  fats  and  oils  found  in 
the  various  foods,  but  also  the  waxes,  resins,  etc.  It  has 
also  been  termed  "  ether  extract,"  because  it  is  that  portion 
of  the  plant  soluble  in  ether.  Its  elementary  composition 
is  carbon,  oxygen  and  hydrogen,  with  a  much  higher  per- 
centage of  carbon  than  either  the  cellulose  or  extract  matter. 

Inunctions  of  the  Fat.  —  It  serves  the  same  purposes  as 
the  cellulose ;  it  furnishes,  however,  two  and  one-half  times 
as  much  heat  or  energy  as  the  cellulose. 

(4)  Crude  Protein. 

Protein  is  a  general  name  for  all  the  nitrogen-containing 
bodies  found  in  our  common  agricultural  plants.  It  might 
be  called  *«  vegetable  meat."  It  corresponds,  generally 
speaking,  to  the  lean  meat  of  the  animal  body.  All  protein 
or  albuminoids  contain  on  an  average  about  16.5  percent,  of 
nitrogen.  It  is,  other  things  being  equal,  the  most  valuable 
food  constituent  of  the  plant.  Its  elementary  composition 
is  carbon,  nitrogen,  oxygen,  hydrogen,  phosphorus  and 
sulphur. 

Functions  of  the  Protein. — The  protein  is  a  source  of 
energy,  and  is  the  only  source  of  flesh.  It  also  has  been 
considered  a  source  of  fat,  although  much  doubt  has  lately 
been  thrown  upon  this  idea. 

(5)  Extract  MaUer. 

The  so-called  non-nitrogenous  extract  matter  consists  of 
the  starch,  sugars  and  gums.  A  large  part  of  the  extract 
matter  of  the  coarse  fodders  (one-third  to  one-half)  consists 
of  the  wood  gums  or  pentosans.  It  has  been  shown  that  in 
the  majority  of  cases  the  pentosans  are  as  valuable  for  food 
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as  other  carbohydrates.  The  elementary  composition  of  the 
extract  matter  is  carbon,  oxygen  and  hydrogen. 

Functions  of  the  ExtraM  Matter, -^The^  sugars,  starch 
and  gums  furnish  energy,  and  serve  as  sources  of  fStt.  The 
crude  cellulose  and  the  extract  matter,  having  the  same 
functions  in  the  animal  economy,  namely,  the  production  of 
energy  and  fat,  have  been  termed  carbohydrates.  The  ash, 
while  a  necessary  ingredient  of  all  complete  foods  for  live 
stock,  is  not  generally  considered  in  compounding  suitable 
daily  diets  for  our  farm  animals ;  so  that,  for  practical  pur- 
poses, we  really  have  to  do  with  but  three  groups:  (1) 
protein,  (2)  carbohydrates,  (3)  fat. 

Having  noted  the  diflferent  groups  of  substances  of  which 
our  agricultural  plants  are  composed,  let  us  briefly  turn  our 
attention  to  the  value  of  these  groups  as  sources  of  nourish- 
ment. No  one  of  them  is  of  itself  a  suitable  food  for  our 
farm  animals,  nor  will  any  one  of  them  sustain  life  for  any 
length  of  time. 

Digestibility  of  Cattle  Foods. 

Foods  are  valuable  as  sources  of  nourishment  only  in  so 
far  as  their  various  constituents  or  groups  can  be  digested 
and  assimilated.  Two  kinds  of  hay,  one  early  and  the  other 
late  cut,  might  be  consumed  in  equal  quantities  by  an 
animal,  yet  the  early  cut  hay,  having  more  digestible  mat- 
ter, would  prove  the  more  valuable  fodder.  In  order  to 
combine  the  various  fodders  into  what  has  been  termed  a 
fodder  ration,  it  is  important  to  know  how  large  a  part 
or  per  cent,  of  the  various  groups  is  digestible.  A  great 
many  digestion  experiments  have  been  made  with  various 
cattle  foods,  especially  in  Germany ;  during  the  last  six  or 
seven  years  a  considerable  number  have  been  carried  out  in 
the  United  States.  A  tabulated  list  of  all  American  experi- 
ments will  be  found  at  the  end  of  this  report. 

How  the  Digestible  Matter  of  a  Food  is  determined. 

First  asceiiain  the  amount  and  composition  of  the  food 
consumed  by  an  animal  in  a  given  length  of  time,  also  the 
amount  and  composition  of  the  fseces  or  undigested  portion 
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excreted  in  the  same  time  on  the  basis  of  dry  matter.  The 
difference  between  them  will  represent  the  amount  of  the 
various  constituents  of  the  food  digested. 

The  percentages  of  the  constituents  digested  are  called  the 
digestion  coefficients. 

A  Single  Illustration,  showing  how  the  Digestibility  of  a 
Fodder  is  determined* 

[Solid  manure  equals  the  undigested  part  of  food.] 
English  Hay. 


Dry 

Matter 
(GremB). 

Onide 
Celluloee 
(Grama). 

Grade 

Fat 
(Grama). 

Grade 
Protein 
(Grama). 

III 

900  grama  hay  fed,  equal  to  . 

800.3  grama  manure  excreted,  equal  to 

765.86 
337.05 

250.58 
107.00 

28.57 
12.81 

82.58 
84.64 

848.00 
145.80 

Amount  of  bay  digeated. 

Per  cent,  digested, .... 

427.41 
55.84 

148.68 
57.80 

10.76 
45.65 

47.04 
58.05 

202.80 
58.16 

Having  noted  the  various  groups  of  substances  going  to 
make  up  our  cattle  foods,  and  recognizing  that  these  groups 
are  valuable  as  sources  of  nourishment  only  in  so  far  as 
they  are  digestible,  let  us  next  inquire  into  the  proper  way 
of  combining  these  foods,  so  as  to  produce  properly  balanced 
daily  diets  or 


FoDDEB  Rations  fob  the  Animals  of  the  Fabm. 

A  great  many  experiments  have  been  made  in  order  to 
study  the  behavior  of  the  protein,  carbohydrates  and  fiit  in 
the  animal  body,  and  their  specific  influences  upon  the  for- 
mation of  flesh,  fat  and  milk.  We  will  not  attempt  in  this 
connection  to  give  in  detail  the  results  of  these  studies,  but 
simply  state  that  they  have  led  to  the  combining  of  our 
coarse  and  concentrated  foods  in  such  a  way  as  to  obtain 
in  the  daily  diet  of  the  animal  the  digestible  protein,  fat  and 
carbohydrates  in  certain  reasonably  definite  proportions. 

The  German  investigator  Wolfl^,  who  has  made  a  close 
study  of  all  experiments  along  this  line,  has  concluded  that 
a  milch  cow,  for  example,  in  order  to  produce  a  large  and 
well-sustained  yield  of  milk,  should  be  fed  about  2.5  pounds 
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of  digestible  protein,  .5  pound  of  digestible  fat  and  13 
pounds  of  digestible  carbohydrates  daily,  on  the  basis  of 
1,000  pounds  live  weight.  In  preparing  fodder  rations  for 
milch  cows,  then,  it  should  be  our  aim  to  so  combine  the 
coarse  and  concentrated  foods  as  to  obtain  these  groups  in 
the  approximately  correct  proportions.  Variety  and  palata- 
bility  of  food  must  also  be  taken  into  consideration. 

How  Fodder  Rations  are  made  up. 
In  order  to  show  how  fodder  rations  are  put  together,  we 
will  construct  one  from  English  hay,  corn  meal,  cotton-seed 
meal  and  wheat  bran.  We  must  know  (1)  the  analyses  of 
the  fodders  and  (2)  their  digestibility.  These  data  are  to  be 
found  in  the  table  following :  — 


Table 

showing  Composition 

and  . 

DigesHbmty 

• 

Bnolish 
Hat. 

COBH  MbAL. 

OOTTON-aBBD 

Mbal. 

Whbat 
Bkan. 

1 

li 

1 
I 

14.00 

i 

j 

i 

1 

i 

1^ 

MoiBtnre»        .       . 

. 

16.00 

- 

7.00 

- 

10.00 

- 

Dry  matter,     . 

86.00 

: 

86.00 
100.00 

: 

08.00 

: 

90.00 

- 

Dry  matter  oontalni 

100.00 

100.00 

100.00 

- 

Grade  ash, 

. 

6.20 

Dotdet. 

1.62 

DOtdet. 

7.80 

DOtdet. 

7.60 

notdet. 

•«     celluloM,     . 

. 

SI. 00 

60 

2.16 

77 

7.70 

- 

11.00 

86 

"     fat,       .        . 

. 

2.80 

49 

8.83 

86 

12.00 

97 

6.00 

72 

"     protein, 

. 

10.00 

60 

11.00 

72 

44.00 

88 

18.00 

78 

Extract  matter,       . 

• 

60.00 

60 

81.40 

04 

'  20.00 

64 

68.60 

68 

100.00 

- 

100  00 

- 

100.00 

- 

100.00 

- 

The  average  composition  and  the  average  per  cent, 
digestible  of  all  cattle  foods  are  to  bo  found  in  tables  at 
the  end  of  this  report. 

liules  for  compounding  Properly  Balanced  Fodder  Rations. 

1.  A  milch  cow  of  1,000  pounds  live  weight  needs 
approximately  2.5  pounds  of  digestible  protein,  .5  to  .75 
pound  of  digestible  fat  and  13  pounds  of  digestible  car- 
bohydrates daily. 
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2.  Calculate  {he  rations  on  the  basis  of  1,000  pounds 
live  weight.  Cows  weighing  but  700  to  800  pounds  will 
need  only  seven-tenths  or  eight-tenths  as  much.  (This  is 
not  always  true.  Example :  very  thin  cows  fresh  in  milk 
would  need  rather  more,  and  cows  in  fair  to  good  condition 
towards  the  end  of  lactation  less.) 

3.  Use  21  pounds  of  English  hay  or  its  equivalent  of 
some  other  coarse  fodder  as  a  basis.  (This  will  furnish 
1  pound  of  digestible  protein,  and  it  is  now  necessary  to 
make  up  the  necessary  amount  of  protein  by  the  addition 
of  concentrated  fodders.  In  doing  this  the  necessary  car- 
bohydrates not  furnished  by  the  hay  will  also  be  added.) 

4.  Use  8  to  10  pounds  of  two  or  three  different  grains, 
about  one-third  of  each  kind.  (Not  over  3  pounds  of  com 
meal  should  be  added.  The  various  gluten  feeds  can  often 
take  the  place  of  corn  meal  to  advantage.  It  is  almost 
always  economical  to  use  3  pounds  of  bran.  As  the  third 
grain  2  to  3  pounds  of  one  very  high  in  protein  should 
be  used,  such  as  cotton-seed  meal,  or  one  of  the  gluten  or 
linseed  meals.) 

5.  Reduce  the  quantity  of  each  of  the  substances  to  be 
fed  to  dry  vnaUer^  by  multiplying  by  the  average  per  cent, 
of  dry  matter  in  such  8ul)stances,  as  found  in  the  tables. 

6.  Multiply  the  amount  of  dry  matter  in  each  of  the 
foods  by  the  average  percentages  of  cellulose,  fat,  protein 
and  extract  matter  it  contains,  and  these  products  by  the 
digestion  percentages  of  these  same  groups.  The  last  prod- 
ucts will  be  the  amount  of  digestible  cellulose,  fat,  protein 
and  extract  matter  contained  in  each  of  the  several  foods. 
Add  the  several  digestible  amounts  as  found  in  the  various 
foods  together,  and  the  sum  will  be  the  total  digestible  cel- 
lulose, fat,  protein  and  extract  matter  in  all  of  the  feeds 
going  to  make  up  the  daily  ration. 

7.  To  calculate  the  nutritive  ratio  of  the  ration,  multiply 
the  amount  of  digestible  fat  by  2|,  and  add  the  product 
to  the  digestible  cellulose  and  extract  matter ;  divide  this 
sum  by  the  digestible  protein,  and  the  dividend  will  be  the 
ratio  required. 
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A  Practical  Example. 
Fodder  Ration  for  a  Milch  Cow  of  1^000  Pounds  Live  Weight. 


DiOBSTIBLB. 

Protein. 

Fat. 

Cftrbohydntes. 

TotaU 

Needed 

FOUDdl. 

2.60 

Ponnds. 

0.60 

Poandi. 
18.00 

Poondf. 
16.00 

Ration  shall  be  composed  of:  — 

21  pounds  English  hay. 

3  pounds  com  meal. 


3  pounds  cotton-seed  meal. 
3  pounds  wheat  bran. 


FODDXBB. 

FODDSB  COKtTITUSVTa. 

lA 

Is 

1  ^ 

\ 

& 

|| 

21X 
8X 
8X 
8X 

21X 
8X 
8X 
8X 

21X 
8X 
8X 
8X 

• 

21X 
8X 
3X 
8X 

85=: 
88= 
03=: 
90=3 

86= 
80= 
93= 
90=a 

85= 
86= 
93= 
90= 

85= 
86= 
98= 
90= 

17.86X 

2.eox 

2.80X 
2.70X 

17.86X 
2.60X 
2.80X 
2.70X 

.        . 
17.85X 

a.6ox 

2.80X 
2.70X 

17.85X 
2.60X 
2.80X 
2.70X 

(a)  CelluloM, 

Hay 

Ooramcsl, 

Cotton-seed  meal 

Wheat  bran, 

81.00= 
2.16= 
7.70= 

11.00= 

6.63X 
0.08X 
0.22X 
0.80X 

60= 
77= 
00= 
26= 

8.81 
0.06 
0.00 
0.07 

Total, 

3.48 

(6)  rat. 

Hay. 

Oorn  meal,         ..... 
Ck>tton.aeed  meal,      .... 
Wheat  bran, 

Total 

2.80= 
3.83= 
12.00= 
6.00= 

.         . 

0.60X 

o.iox 

0.84X 
0.18X 

49= 
89= 
88= 
72= 

0.25 
0.09 
O.SO 
0.09 

0.78 

.(c)  lYotein, 

Hay 

Com  meal, 

Cotton-Med  meal 

Wheat  bran, 

ToUl, 

10.00= 
11.00= 
44.00= 
18.00= 

1.78X 
0.20X 
1.23X 
0.49X 

60= 
72= 
86= 
78= 

1.07 
0.21 
1.04 
0.88 

2.70 

(d)  JMract  Matter. 

Hay 

Com  meal, 

Cotton-seed  meal 

Wheat  bran 

Total 

50.00= 
81.40= 
29.00= 
68.60= 

•        • 

8.92X 
2.11X 
0.81X 
1.68X 

.        . 

60= 
94= 
96= 
68a 

5.85 
1.98 
0.77 
1.07 

9.17 
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Summary. 

Poandfl. 

ToUI  digestible  protein, 3.70 

Toteldlgeatlblefat, 0.78 

Total  dlgeetlbleoellnloM  and  extnet(earbohydratefl),    .  .       .       18.00 

Total  digeetible  organic  nntrienta, 10.08 

These  flgnree  correspond  very  closely  with  the  amonnta  required  (see  top  of  page  22). 

Calculating  the  Nutritive  Ratio. 

Founds. 

Carbohydrates, 12.60 

Fat,  .73  pound  X  21  = 1.82 

Total 14.42 

14.42  pounds  carbohydrates  +  2.7  pounds  protein  a  5  34,  or  as  1  protein  is  to  6.34 
carbohydrates  (1:5.34). 

The  Real  Meaning  of  Nutritive  Ratio. 

Nutritive  ratio  is  simply  the  numerical  relation  which  the 
fat  and  carbohydrates  bear  to  the  protein  which  is  taken  as 
unity ;  or,  stated  in  the  form  of  a  problem,  how  many  more 
units  of  carbohydrates  and  fat  reduced  to  carbohydrates  are 
present  in  the  ration  than  units  of  protein  ? 

It  has  been  demonstrated  by  experiment  that,  other 
things  being  equal,  the  best  returns  can  be  secured  in  case 
of  milch  cows,  for  example,  if  the  various  fodders  are  so 
combined  as  to  produce  a  ration  containing  4.5  to  5.5  times 
as  much  carbohydrates  as  protein;  or,  in  other  words, 
rations  having  a  nutritive  ratio  of  1 :  4.5  to  5.5. 

While  this  proportion  should  be  kept  in  mind  in  making 
up  the  fodder  ration,  palatability  and  variety  should  by  no 
means  be  lost  sight  of. 

Rations  with  a  nutritive  ratio  of  1 : 4.5  to  6  are  termed 
narrow  rations ;  those  with  ratios  of  1 :  6  to  1 :  10,  wide 
rations. 
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2.     SOME    GOOD   FODDER  RATIONS    FOR    FARM 

ANIMALS. 

I.     Milch  Cows  and  Growing  Neat  Stock. 

These  animals  should  have  16  pounds  of  digestible  organic 
nutrients  daily  divided  into :  digestible  protein,  2.50  to  3.00 
pounds;  digestible  fat,  .50  to  1.00  pounds;  digestible  car- 
bohydrates, 12  to  13  pounds  ;  on  the  basis  of  1,000  pounds 
live  weight.  These  various  ingredients  will  be  found  in  the 
correct  proportions  in  the  following  combinations :  — 

L     Basal  Sations. 

(«)  (6)  (c) 

English  hay,*  18  ponnds.       English  hay,  21  pounds.    English  hay,    .      4  pounds. 
Roots,  *       •   16  ponnds.  Com  stover,    •      4  pounds. 

Com  ensilage,     40  pounds. 

(d)  (e)  if) 

Hay,       .       .     5  pounds.    Hay  of  retch  Green  crops,t  50-70  pounds. 

Dry  com  fodder,  25  pounds.       and  oats,      10  pounds. 

English  hay,     6  pounds. 

Com  stover,      6  pounds. 

These  coarse  fodders  for  practical  purposes  can  generally 
be  fed  ad  libitum;  i.  c,  the  animals  can  be  given  all  they 
will  consume.  There  are,  of  course,  some  exceptions,  but 
the  practised  eye  of  the  feeder  will  control  such  cases. 

IL     Grain  Rations. 

The  following  grain  rations  are  combined  to  go  with  the 
above  coarse  fodders.  These  should  always  bo  weighed  or 
measured  out :  — 

*^The  many  experiments  at  this  station  have  shown  that  hay  is  too  costly  to  he 
fed  in  large  quantities  to  cows  and  growing  stock.  Its  place  should  be  taken  by 
other  coarse  fodders. 

t  In  case  green  leguminous  crops  are  fed,  only  one-half  to  one-third  of  the  grain 
ration  that  follows  need  be  given. 
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(«) 

Cotton-86ed  meal,   .       •    100  ponnds. 
Wheat  bran,    ...    100       " 
Commeal,»     ...    100       " 
Mix  and  feed  9  quarts  daily. 

(0 
Linseed  meal,t        .        .    100  ponnds. 
Wheat  bran,    ...    100       «« 
Gronnd  wheat,        .        .100        " 
Mix  and  feed  9  quarts  daily. 


Chicago  gluten  meal,       .    100  pounds. 
Wheat  bran,     ...    100       " 
Gluten  feed,»    ...    100       " 
Mix  and  feed  9  quarts  daily. 

Linseed  meal,t ...    100  pounds. 
Pope  or  King  gluten  meal,   100       " 
Wheat  bran,     ...    200       " 
Mix  and  feed  9  quarts  daily. 


The  maize  or  gluten  feeds  can  be  U8ed  interchangeably 
one  for  the  other ;  the  linseed  meal  and  Chicago  gluten  meal 
can  also  be  substituted  one  for  the  other.  Cotton-seed 
meal,  King  gluten  meal  and  Pope  gluten  meal  should  not 
be  combined  (especially  in  summer)  with  other  concentrated 
foods  rich  in  fat,  and  it  is  better  to  feed  but  one  of 
these  in  any  daily  grain  ration.  To  be  on  the  safe  side,  we 
would  not  advocate  more  than  2  or  at  the  utmost  3  quarts 
of  these  feeds  daily. 

In  making  up  the  grain  rations,  cost  must  be  considered, 
and  farmers  will  have  ^  to  use  judgment  in  this  respect. 
Thus,  if  cotton-seed  meal  costs  $24  per  ton  and  Chicago 
gluten  meal  $26,  the  cotton-seed  meal  would  be  much  more 
economical. 

The  following  figures  show  the  approximate  relative  com- 
mercial values  of  the  grains,  figured  on  the  basis  of  the 
amount  of  digestible  protein  they  contain.  By  this  is 
meant  that  if  corn  meal  was  worth  $21  per  ton  Chicago 
gluten  meal  would  be  worth  $28,  etc.  This  does  not  mean 
that  these  two  grains,  side  by  side,  would  have  the  same 
feeding  efibct,  but  the  figures  are  presented  as  a  basis  to  be 
used  in  purchasing :  — 


Com  meal,  . 
Wheat  brans. 
Gluten  feeds, . 
Gluten  meals, 
Cotton-seed  meal, 
New-process  linseed  meal, 
Old-process  liuseed  meal, 


Per  Ton. 

|21  00 

is  00 

28  00 
2S  00 
30  50 

29  00 
28  25 


^  Three  quarts  of  either  Buffalo  glnten  feed,  Peoria  glnten  feed  or  Chicago  maize 
feed  can  be  substitiited  with  good  effect  for  the  com  meal. 
t  Old  or  new  process. 
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II.    Winter  Fodder  Rations  tor  Growing  Lambs  (60 
TO  100  Pounds). 

The  following  combinations  of  grains  and  coarse  fodder 
have  proved  valuable  as  winter  fodder  rations  for  lambs 
(yearlings). 

In  general,  vrhere  corn  ensilage  has  been  substituted  for 
one-half  to  two-thirds  of  the  rowen  the  growth  has  been 
fully  as  good  and  the  cost  of  production  of  live  weight 
somewhat  less. 


I. 

n. 

Wheat  bran,    ....    0.60  lbs. 
Chicago  gluten  meal,      .       .    0.60   " 

Rowen, 2.00   «* 

Nutritive  ratio,        .       .              1:4  60 
Total  cost  (approximate),      .    2.50  cts. 
Mannrial  value  obtainable,     .    1.16   << 
Net  cost, 1.36   " 

Wheat  bran,     ....    0.60  lbs. 
Chicago  gluten  meal,      .       .    0  60   " 

Rowen 1.00   " 

Com  ensilage,  ....    3.60   " 
Nutritive  ratio,        .       .       .       1:609 
Total  cost  (approximate),      .    2.24  cts. 
Manurial  value  obtainable,     .    1.10    « 
Net  cost, 1.14   " 

III. 

IV. 

Wheat  bran,    ....    0.50  lbs. 
Linseed  meal,  .       .       .       .    0.26   " 

Rowen, 1.60   " 

Nutritive  ratio,        .       .        .        1:4.0 
Total  cost  (approximate),       .    2.08  cts. 
Manurial  value  obtainable,     .    1.02   " 
Net  cost, 1.06    " 

Wheat  bran 0.60  lbs. 

Linseed  meal,  .       .       .       .    0.26   «< 

Rowen 0.60   " 

Comensihige 3.50   <' 

Nutritive  ratio,         .       .       .        1:5.0 
Total  cost  (approximate),       .      1.8  cts. 
Mannrial  value  obtainable,    .      0.9    " 
Net  cost, 0.9   « 

V. 

VL 

Com  meal,       ....    O-.W  lbs. 
Cotton-seed  meal,    .        .        .    0  50    *' 

Rowen, 1.00    " 

Nutritive  ratio,        .       .       .        1:5.3 
Total  cost  (approximate),       .    2  40  cts. 
Manurial  value  obtainable,     .    1.30   « 
Net  cost, 1.10    " 

Buffalo  gluten  feed,         .        .    0.75  lbs. 

Rowen 2.00  lbs. 

Nutritive  ratio,        .       .        .        1:6.3 
Total  cost  (approximate),       .    2.33  cts. 
Manurial  value  obtainable,     .    1.25    " 
Net  cost, 1.07   " 
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Bnflklo  gluten  feed, 0.75  lbs. 

Ck>tton-6eed  meftl, 0.25  ** 

Rowen,     '..».> 0.50   *' 

Com  ensilage,  .        •      • 4.00   " 

NntritiTe  ratio, 1:4.6 

Total  cost  (approximate),       .       •  ■ 2.04  cts. 

Manorial  Talae  obtainable,     ,       # 1.14  " 

NetooBt  0.90   «* 


Linseed  meal,  cotton-seed  meal  and  Chicago  gluten  meal 
can  be  substituted  one  for  the  other  without  very  materially 
changing  the  cost  of  the  ration  or  its  feeding  effect.  Buffalo 
gluten  feed  and  Chicago  maize  feed  can  also  be  used  inter- 
changeably. 

One-half  pound  of  rowen  and  four  to  five  pounds  of  corn 
ensilage  in  a  ration  tend  to  cheapen  the  cost  and  are  as 
effective  in  feeding  value  as  one  and  one-half  to  two  pounds 
of  rowen.  In  general,  four  pounds  of  com  ensilage  can  be 
reckoned  an  equivalent  for  one  pound  of  rowen,  so  far  as 
dry  matter  is  concerned. 

The  rations  as  given  can  be  increased  or  decreased  pro- 
portionately in  quantity  to  suit  the  appetite  and  size  of  the 
animals  fed. 

III.  Practical  Rations  for  Pig  Feeding. 
When  skim-milk  is  used  as  a  part  of  the  daily  diet  in 
feeding  pigs  for  the  market,  the  station  feels  justified,  in 
view  of  its  feeding  experiments,  in  recommending  the  fol- 
lowing practical  rations  as  being  valuable  in  producing  pork 
at  a  minimum  cost :  — 

I. 


Weight  of  Pig« 
(Pounds). 

Food. 

Notrltive 
Batio. 

20  to    80,  . 

80  to  126,  . 

125  to  190,  . 

2  ounces  com  meal  to  each  quart  milk,* 
4  ounces  com  meal  to  each  quart  milk, . 
6  ounces  com  meal  to  each  quart  milk, . 

1:8.30 
1:4.00 
1:4.60 

*  Creamery  buttermilk  can  be  sabstitated  for  skim-milk  as  aboTO  with  good 
lesidtfl  if  it  can  be  had  at  a  reasonable  price,  say  1.4  cents  per  gallon. 

When  skim-milk  is  in  limited  supply  (from  four  to  six 
quarts  per  pig) ,  feed  as  follows :  — 
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Weight  Of  Pigi 
(Pounds). 

Food. 

NQtiltiT* 

•     KaUo. 

20  to    80,  . 
80  to  125,  . 

125  to  190,  . 

Milk  at  disposed,  and  one  part  by  weight 
wheat  bran,  two  parts  bj  weight  gluten 
meal,  to  satisfy  appetite. 

Milk  at  disposal  and  following  mixture :  one 
weight  part  com  meal,  one  weight  part 
wheat  bran,  one  weight  part  gluten  meal, 
to  satisfy  animal. 

Milk  at  disposal  and  following  mixture :  two 
weight  parts  com  meal,  one  weight  part 
wheat  bran,  one  weight  part  gluten  meal. 

1:3.20 
1:4.00 

1:4.50 

m. 


WdgttofPlgi 
(Poonds). 


Food. 


Hati1tlv« 
Hatlo. 


20  to    80,  . 


80  to  125, 


125  to  190, 


2  ounces  com  meal  to  each  quart  of  milk 
and  4  ounces  gluten  feed  as  a  substitute 
for  each  quart  milk. 

6  quarts  skim-milk  and  a  mixture  of  one^ 
part  b^  weight  gluten  feed  and  one  part  > 
bj  weight  com  meal.  ) 

6  quarts  skim-milk  and  a  mixture  of  one 
part  by  weight  gluten  feed  and  one  and 
one-half  parts  by  weight  com  meal. 


1:3.25 

to 
4.00 

1:4.00 

to 
4.40 

1:4.4 

to 
4.9 


IV.    Rations  for  Farm  Horses. 

While  we  have  never  carried  out  any  direct  experiments 
with  horses,  the  following  rations,  fed  to  our  farm  horses, 
have  given  very  excellent  results  (basis  1,000  pounds  live 
weight)  :  — 

(a)  Light  Work  (Winter). 

Pounds. 

Hay, 15 

Wheat  bran, 2 

Provender, . 4 

(b)  Medium   Work. 

Foimds. 

Hay, 15 

Wheat  bran, 8 

Provender, 6 
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(c)  Hard  Work. 

Pounds. 

Hay, 16 

Wheat  bran, 4 

Provender, 8 

The  provender  consists  of  cracked  corn  and  oats,  in  the 
proportion  of  400  pounds  of  the  former  to  15  bushels  of  the 
latter. 

The  following  table  shows  the  pounds  of  digestible 
nutrients  in  our  ration  for  medium  work,  as  compared  with 
Wolff's  for  horses  of  1,000  pounds  live  weight,  doing  medium 
work  and  hard  work :  — 


Digestible 
Protein 
(Pounds). 

Digestible 

Fat 
(Pounds). 

Digestible 

Carbo- 

hvdratcs 

(Ponnds). 

Total 
DtecsUble 

MttUcr 
(Pounds). 

Xatrftive 
lUtio. 

Medium  work. 

1.58 

0.43 

11.25 

13.26 

1:7.81 

Wolff's      standard,     medium 
work, 

1.55 

0.55 

10.85 

12.95 

1:7.80 

Wolff's  standard,  hard  work, . 

2.12 

0.83 

12.63 

15.58 

1:7.00 
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n. 

OBJECTS  OF  THE  FOLLOWING  EXPERIMENTS. 

III.     Feeding  Experiments  with  Milch  Cows. 
1.     October  to  December^  1893. 

To  note  the  comparative  feeding  effects  of  English  hay, 
hay  of  vetch  and  oats  and  soja  bean  and  barley  straw  upon 
the  production  and  cost  of  milk. 

Grain  feed  was  constant,  and  consisted  of  wheat  bran, 
Buffalo  gluten  feed  and  new-process  linseed  meal. 

2.     January  to  May^  1894. 

(a)  To  determine  how  much  digestible  protein  can  be 
economically  fed  to  milch  cows. 

(6)  To  determine  the  effect  of  different  quantities  of  pro- 
tein upon  the  quantity  and  quality  of  the  milk. 

3.     Creamery  Record  of  the  Station. 

The  tabulated  results  of  the  station  herd  for  1893  and 
1894. 

IV.     Hay  Substitutes. 

A  r6sum6  of  some  ex{)eriments  with  vetch  and  oats  and 
peas  and  oats,  calling  attention  to  their  value  for  milk  pro- 
duction, as  compared  with  English  hay. 

V.    The  Babcock  v.  the  Space  System  as  a  Basis  roR 
Payment  in  Massachusetts  Creameries. 

The  object  of  this  experiment  is  to  call  attention  to  the 
composition  of  cream  from  various  patrons  raised  by  the 
deep-setting  process,  in  order  to  see  if  the  payment  for 
cream  by  the  space  (or  fraction  of  an  inch)  is  equally  just 
to  all  pai*ties.  The  Babcock  method  is  contrasted  with  the 
space  system. 
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VI.     Feeding  Experiments  with  Steers. 

(a)  To  note  the  effect  of  distinct  fodder  rations  upon  the 
production  of  live  weight. 

(6)  To  secure  facts  relative  to  the  actual  cost  of  beef 
production  in  Massachusetts  under  existing  local  conditions. 

(c)  To  compare  the  relative  merits  and  cost  of  pasture 
V.  soiling  during  the  summer  season.  (A  r6sum6  of  all  our 
experiments  with  steers  follows  this  experiment.) 

VII.     Feeding  Calves  for  Veal. 

(a)  To  see  if  it  were  possible  to  replace  the  butter  fat 
removed  in  the  cream  by  some  cheaper  fat  or  oil,  thus  pro- 
ducing a  mixture  resembling  in  composition  whole  milk. 

(6)  To  see  if  such  a  mixture  would  fatten  calves  eco- 
nomically. 

Vin.     Digestion  Experiments  with  Sheep. 

1.  To  study  the  digestibility  and  consequent  TL^ue  as  a 
source  of  food  of  a  variety  of  concentrated  cattle  foods. 

2.  The  digestibility  of  the  pentosans.  An  investigation 
into  the  value  as  a  source  of  food  of  a  group  of  substances, 
called  pentosans,  found  in  most  of  our  cattle  foods,  concern- 
ing which  our  knowledge  heretofore  has  been  very  limited. 
This  article  at  the  present  time  has  rather  more  of  a  scientific 
than  practical  interest. 
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m. 

FEEDING  EXPERIMENTS  WITH  MILCH  COWS. 

I.      COMPARATIVE    VALUE    OP    DIFFERENT     COARSE 

FEEDS. 

By  J.  B.  LiNDSET. 

October-December  y  1893. 

[Grains  fed:  wheat  bran,  Buffalo  glnten  feed,  new-procesa  linseed  meal.  Coarse 
feeds :  hay,  dry  vetch  and  oats,  soja-bean  hay  and  barley  straw.] 

Object  of  the  Experiment. 

To  note  the  comparative  effect  of  English  hay,  dry  vetch 
and  oats,  soja-bean  hay  and  barley  straw  upon  the  produc- 
tion and  cost  of  milk. 

Results  of  the  Experiment. 

The  average  cost  of  producing  milk  from  six  cows  of  the 
station  herd  in  different  periods  of  lactation  was  2.3  cents 
per  quart;  the  average  yield  was  9.46  quarts  per  day. 

Hay  of  vetch  and  oats  compared  very  favorably  with 
English  hay  for  milk  production. 

The  comjwsition  of  the  milk  was  apparently  not  affected 
by  the  different  coarse  fodders. 

The  Experiment. 

The  analyses  of  the  foods  fed  and  their  fertilizing  value, 
the  history  and  feeding  record  of  the  individual  cows,  etc., 
will  be  found  at  the  end  of  the  experiment. 

Six  cows  were  used  in  the  trial ;  they  were  grades  of 
various  breeds  in  different  periods  of  lactation,  yielding  from 
7  to  15  quarts  of  milk  daily. 
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The  fodder  articles  were  all  in  good  condition,  and  may 
be  considered  fair  samples  of  their  kind. 

During  the  entire  feeding  trial  the  grain  ration  remained 
constant,  the  coarse  fodders  alone  being  changed.  The 
cows  were  fed,  watered  and  milked  twice  daily,  one-half  the 
food  being  given  at  each  feeding.  They  were  allowed  out- 
door exercise  on  every  pleasant  day.  They  were  weighed 
once  a  week,  after  the  morning's  feeding  and  milking  but 
before  being  watered. 

A  composite  sample  of  the  milk  was  taken  three  days 
of  each  week  during  the  trial,  thus  furnishing  the  average 
of  every  six  milkings  out  of  fourteen.  This  at  least  gives  a 
good  average  for  each  week. 


Average  Composition  of  tJie  Da 

Uy  Fodder  Batiom  {ISOS-Qd). 

I. 

October  6  to  October  16. 

n. 

October  25  to  November  27. 

Wheat  bran, 

8.00  lbs. 

Wheat  bran, 

8.00  lbs. 

BuffiUo  gluten  feed,   . 

3.00   " 

Buffalo  glnten  feed,    . 

8.00   " 

New-procesB  linseed  meal, 

3.00   " 

Kew-prooeBs  linseed  meal, 

8.00   " 

Hay,    .... 

17.63   " 

Hay  of  Tetch  and  oats, 

,       16.62  " 

NatritiTe  ratio,    . 

.    1:4.40 

Nutritiye  ratio,  • 

1:4.20 

Total  cost,  . 

22.97  cts. 

Total  cost,  .... 

22.14  cts. 

Mannrial  valne  obtainable, 

10  86  " 

Mannrial  yalne  obtainable, 

1128   " 

Net  cost,     .... 

12.12  " 

Net  cost,     .... 

10.86   " 

m. 

December  9  to  Janwury  2. 

Wheat  bran, 8.00  lbs. 

Bal&lo  glnten  feed 8.00   ** 

New-process  linseed  meal, 8.00   " 

Soja-bean  hay, 10.81    « 

Barley  straw, 4.66   <* 

Nntritlye  ratio 1:4.13 

Total  cost, 20.14  cts. 

Mannrial  valne  obtainable 10.79   ** 

Net  cost, 9.36   <* 


Three  pounds  wheat  bran  equal  4  quarts ;  3  pounds  Buffalo  gluten  feed  equal  3 
quarts ;  3  pounds  new-process  linseed  meal  equal  2^  quarts. 

The  total  cost  of  a  fodder  ration  is  the  sum  of  the  mar- 
ket costs  of  the  different  articles  consumed  per  day.  The 
manurial  value  obtainable  is  the  value  qf  the  oitrogen,  phoa* 
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phoric  acid  and  potash  of  the  ration  fed  that  will  be  found 
in  the  manure.  In  case  of  milch  cows  this  amounts  on  an 
average  to  80  per  cent,  of  the  fertilizing  ingredients  con- 
tained in  the  feed.  The  other  20  per  cent,  goes  into  the, 
milk  or  flesh  of  the  animal.  The  value  of  the  nitrogen,  phos- 
phoric acid  and  potash  thus  excreted  is  based  upon  the  retail 
cost  of  these  articles  in  the  open  markets.  When  the  experi- 
ment was  in  operation  this  amounted  to  15  cents  per  pound 
for  nitrogen,  5\  cents  per  pound  for  phosphoric  acid  and  4 J 
cents  per  pound  for  potash.  The  net  cost  of  a  ration  is  that 
cost  remaining  after  the  value  of  the  manure  has  been  de- 
ducted from  the  total  cost. 

Quantity  and  Coat  of  Milk  prodticed  Doily, 


NlTTIl. 

JSNHXE. 

Gkx. 

Julia. 

NOBA. 

NKLLIS. 

Avxiua. 

Fbedino 
Pbbiods. 

r 

1^ 

li 

^'^ 

1* 

II 

1* 

2^ 

^ 

QU. 

Cui. 

QU. 

cu. 

QU. 

cu. 

QU. 

ou. 

QU. 

Cu. 

QU. 

CU. 

Qto. 

cu. 

I,.    . 
II., .    . 
in.. .     . 

14.40 
12.0Q 
U.34 

1.61 
1.8- 
1.81 

6.82 
5.88 
5.11 

8.10 
8.47 
8.72 

8.87 
0.14 
8.86 

2.62 

2.42 

1 

2.86 

8.64 
8.46 
7.68 

2.60 
2.62 
2.80 

8.82 
8.26 
8.10 

2.64 
2.09 
2.44 

13.77 
12.17 
11.54 

1.67 
1.82 
1.71 

10.22 
0.43 
8.73 

2.25 
2.35 
S.81 

If  we  notice  the  averages  in  the  above  table,  it  will  be 
seen  that  the  cows  declined  slightly  and  regularly  in  the 
yield  of  milk  during  the  three  months  of  trial.  There  was  a 
decrease  of  7.8  per  cent,  in  the  milk  production  between  the 
first  and  eecond  periods  and  a  further  decrease  of  6.8  per 
cent,  between  the  second  and  third  periods,  making  a  total 
decrease  of  14.6  per  cent,  during  the  three  months  of  trial. 
This  is  by  no  means  excessive.  Five  of  the  six  cows  gave 
an  average  increase  of  19  pounds  each  in  live  weight  during 
the  vetch  and  oats  period.  When  it  is  also  remembered  in 
cases  of  the  hay  and  the  vetch  and  oats  periods  that  the 
former  lasted  but  12  days  and  the  latter  34  days,  the  difier- 
ence  in  yield  in  favor  of  the  hay  would  be  still  further 
reduced.  The  cost  of  feed  per  quart  of  milk  is  about  the 
same  in  all  three  periods,  a  very  slight  difference  in  favor 
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of  the  hay  period  being  observed,  which  would  probably 
be  couDterbalanced  when  the  longer  vetch  and  oats  period 
and  the  natural  decline  in  yield  are  considered.  The  vetch 
and  oats  hay  compared,  then,  quite  well  with  the  first  cut 
hay  of  upland  meadows. 

While  the  soja-bean  hay  and  bariey  straw  compared  very 
favorably  with  the  other  coarse  fodders,  it  is  hardly  to  be 
commended,  because  of  the  tendency  of  the  bean  leaves  of 
the  soja-bean  plant,  like  all  leguminous  crops,  to  dry  up 
and  fall  off  in  the  process  of  curing.  The  soja  bean  can  be 
much  better  preserved  in  the  silo  mixed  with  corn  fodder. 
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In  case  of  cows  Nettie,  Jennie  and  Gem  the  percentage 
of  solids  and  fat  remained  very  constant  during  the  three 
periods,  while  the  solids  and  fat  of  the  milk  of  cows  Julia, 
Nora  and  Nellie  show  a  decrease  in  the  last  two  periods. 
This  decrease  can  only  be  explained  on  the  ground  that  the 
change  of  feed  interfered  for  a  time  with  the  process  of 
secretion.  Towards  the  end  of  each  period  it  is  noted  that 
the  composition  of  the  milk  of  two  of  three  cows  approached 
that  of  the  first  period  again.  Cows  Nora  and  Nellie 
seemed  for  quite  a  while  to  produce  milk  of  a  varying  fat 
content. 
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History  of  Cows. 

VTAHB  OF  cow. 

Bbkkd. 

Age 
(Yoan). 

Last  Calv  dbopprd. 

DaHr    Yield    of 
Kflk  at  Begin- 
ning of  Trial 
(Quarts). 

Nettie,    . 
Jennie,  . 
Gem, 
Julia,     . 
Nora, 
Nellie,    . 

Grade  Holstein,      . 
Grade  Jersev, 
Grade  Shorthorn,    . 
Native,    .        .        . 
Grade  Ayrshire, 
Native,    . 

5 
4 
6 
9 
5 
8 

July    2,1893, 
Dec.  25,1892, 
Dec.     6, 1891, 
Jan    18,1893, 
Mar.  26, 1893, 
Aug.  15, 1893, 

15 
7 

8-9 

9-10 

10 

14 

Local  Market  Costj  per  Ton^  of  the  Various  Articles  of  Fodder 

Fed. 

Wheat  bran, fl9  00 

Buffalo  gluten  feed, 19  00 

New-process  linseed  meal, 27  00 

Hay, 15  00 

Hay  of  vetch  and  oats, 15  00 

Soja-bean  hay, 15  00 

Barley  straw, 10  00 


Analyses  of  Fodder  Articles. 


FODDKR  AlTALTSKS. 

1 

1 

S 

1 

Moisture  at  lOOoC,     . 
Dry  matter,  .... 

12.42 
87.58 

8.30 
91.70 

10.62 
89.38 

16.00 
85.00 

16.67 
83.33 

16.21 
8379 

12.80 
87.20 

AnalyM  of  Dry  Matter. 

Grade  ash,    .... 

<*    cellulose,    . 

"    fat,     . 

"    protein,      . 
Nitrogen-free  extract,  . 

100.00 

6.10 
11.06 

6.10 
18.29 
58.45 

100.00 

0.91 

7.96 

14.25 

22.48 

54.40 

100.00 

5.89 

8.84 

3.94 

40.79 

40.54 

100.00 

7.a3 

32.74 

3.08 

10.79 

45.56 

100.00 

11.38 
30.15 
3.45 
13.51 
41.51 

100.00 

12.62 
27.73 
2.55 
14.89 
42.21 

100.00 

4.94 

39.84 

2.49 

6.21 

46.52 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 
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Digestion  Coefficients. 


i 

t 

E  ■*  . 

1 

1 

Sp 

P^ 

k 

on 

1 

Crnde  cellulose,    . 

25 

43 

61 

60 

66 

68 

66 

"    fat,     .... 

72 

81 

91 

49 

19 

14 

42 

"    protein, 

78 

86 

87 

60 

60 

64 

20 

Nitrogen-free  extract,  . 

68 

81 

86 

60 

54 

61 

54 

Fertilizing  Constituents. 
[Nitrogen  17^  cents,  phoephoric  add  6  cents,  potassium  oxide  6j|  cents,  per  pound.] 


i 

i 

S  * 

1 

1 

H 

n 

QQ 

« 

Moisture,      .... 

12.42 

7.32 

10.89 

16.00 

16.67 

16.21 

12.80 

Nitrogen,      .... 

2.66 

3.33 

6.83 

1.47 

1.81 

2.00 

0.86 

Phosphoric  acid,  . 

2.46 

0.37 

1.96 

0.27 

0.60 

0.60 

0.12 

Potassium  oxide, . 

1.60 

0.11 

1.08 

1.60 

1.24 

1.24 

2.60 

Valuation  per  2,000  pounds, 
Manurial  value  obtainable, . 

$13  18 

$12  16 

123  66 

17  07 

$8  20 

$8  86 

$5  99 

10  54 

9  72 

18  84 

6  66 

6  66 

709 

4  79 
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2.     EFFECT  OF  FOOD  UPON  THE  COST  AND  QUALITY 

OF  MILK. 

By  J.  B,  LiNDSEY. 

January-'Mayj   1894. 

Objects  of  the  Expekiment. 

I.  To  determine  how  much  digestible  protein  can  be 
economically  fed  to  milch  cows. 

II.  To  determine  the  effect  of  different  quantities  of 
protein  upon  the  quantity  and  quality  of  the  milk. 

Brief  Explanation  of  the  Objects  Sought. 

By  digestible  protein  is  meant  the  nitrogenous  part  of  the 
food  consumed  and  digested.  The  non-nitrogenous  part,  i.e. , 
that  which  is  not  protein,  is  the  cellulose,  starch,  sugars, 
gums  and  fatty  substances. 

Very  much  is  being  said  at  the  present  time  by  our  ex- 
periment stations  and  intelligent  dairy  farmers  about  the 
value  of  different  rations  for  the  dairy  cow.  What  is  the 
most  suitable  nutritive  ratio  *  of  these  fodder  rations,  or  how 
much  protein  shall  be  fed  in  the  ration,  is  a  question  of 
economical  importance,  for  the  protein  is  the  most  costly  of 
all  the  fodder  constituents. 

Again,  the  writer  deems  it  advisable,  partly  as  an  object 
lesson  and  partly  for  more  light  on  the  subject,  —  recogniz- 
ing at  the  same  time  the  work  already  accomplished, — to 
note  the  effects  of  different  amounts  of  protein  upon  the  com- 
position or  quality  of  the  milk. 

General  Teachings  of  the  Experiment. 
1.     The  amount  of  protein  fed  in    the  various   fodder 
rations  varied  from  1.3  to  3.76  pounds  daily  to  cows  aver- 
aging 871  pounds  live  weight.     The  ration  containing  the 
most  protein  produced  milk  at  a  less  cost  per  quart  in  each 

*  By  nntritive  ratio  is  meant  the  proportion  which  the  nitrogenous  bears  to  the 
non->nitrogenons  part  of  the  food. 
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of  the  three  series  of  experiments,  besides  famishing  a  better 
quality  of  manure. 

2.  Daring  the  autumn,  winter  and  spring  months  from 
2.5  to  3  pounds  of  protein  can  be  fed  daily  to  dairy  cows 
in  good  condition  (on  a  basis  of  1,000  pounds  live  weight) 
with  economy  and  consequent  profit.  During  the  summer 
months  it  might  not  be  advisable  to  feed  over  2.5  pounds  of 
digestible  protein  in  the  fodder  ration  in  case  of  stall-fed 
cows,  and  one  should  be  especially  careful  at  that  season 
about  feeding  grains  containing  an  excess  of  fiit  (see  caution 
elsewhere). 

3.  When  as  low  as  1 .3  pounds  of  protein  were  fed  daily, 
the  total  digestible  organic  matter  at  the  same  time  being 
sufficient  for  the  animal's  daily  needs,  the  quality  of  the 
milk,  especially  its  fat  content,  was  below  that  produced  by 
a  ;:tition  containing  2.5  to  3  pounds  of  digestible  protein. 

4.  When  3  pounds  of  protein  were  fed  in  the  daily 
ration  there  was  an  indication  that  its  influence  upon  the 
quality  of  the  milk  ceased  to  be  felt.* 

5.  All  of  the  cows  were  not  affected  alike  by  the  same 
fodder  ration. 

6.  The  total  solid  matter  in  the  milk  was  much  less 
aflfected  than  the  fat. 

7.  This  experiment  points  out  the  economy  of  feeding 
properly  balanced  rations  in  order  to  secure  maximum  and 
long-continued  milk  yields,  as  well  as  the  best  quality  of 
manure. 

General  Introduction. 

The  German  investigator,  E.  von  Wolff, f  who  has  closely 
studied  the  results  of  all  German  investigators  concerning 
the  most  suitable  fodder  rations  for  milch  cows,  has  given 
the  following  standard  ration  on  a  basis  of  1,000  pounds 
live  weight :  — 

Digestible  protein, 2.50  lbs. 

Digestible  fat, 0.60  " 

Digestible  carbohydrates, 13.00  " 

Nutritive  ratio, 1:5.4 

*  It  is  hoped  that  it  will  be  possible  to  still  f nrtlier  stady  this  qnestlon  of  the 
*eflbct  of  food  and  especially  protein  upon  the  quality  and  quantity  of  the  milk  pxo- 
•duoed. 

t  Die  Enuhrnng  der  Landwirthschaftliche  Nfltsthiere,  1876,  p.  ftiS. 
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He  claims  that  about  2.5  pounds  of  digestible  protein 
should  be  contained  in  the  ration  fed  in  order  to  keep  the 
animal  in  good  condition  and  to  keep  up  the  quantity  of 
milk  for  the  longest  possible  time. 

M&rcker  and  Morgen,*  as  a  result  of  their  experiments 
with  five  different  herds  of  cows,  claim  that  more  protein 
than  the  current  usage  and  feeding  standards  call  for  can 
be  economically  fed,  thus :  — 


Digestible  protein  Cpounds), 
Digestible  tat  (pounds  ^ 


Digestible  carbohydrates  (pounds), 
Nutritive  ratio,      .... 


"While  this  might  be  economically  true  in  sections  of  Ger- 
many, it  does  not  necessarily  hold  that  it  is  economically 
true  in  Massachusetts. 

WoU  t  has  made  quite  a  thorough  inquiry  into  the  rations 
fed  by  successful  dairymen  in  different  sections  of  the 
United  States,  and  calls  the  average  of  his  results  the 
American  standard  ration,  which  he  believes  to  be  correct 
for  the  larger  part  of  the  United  States.    It  is  as  follows :  — 

Digestible  protein, 2.15  lbs. 

Digestible  fat, 0.74   ** 

Digestible  carbohydrates, 13.27   •* 

Nutritive  ratio, 1:6.9 

He  furnishes  no  results  of  experiments  to  prove  this  to  be 
the  case,  simply  basing  his  conclusion  upon  the  opinion  of 
dairy  farmers.  Whether  the  judgment  of  dairy  farmers  is 
correct  or  not  we  will  not  at  this  point  express  an  opinion, 
but  it  seems  to  the  writer  a  rather  peculiar  position  for  a 
scientific  inquirer  to  take. 

During  the  winters  of  1892-93  and  1893-94  Messrs. 
Woods   and   Phelps  J    made    investigations  concerning  the 


*  K6siim6  in  Experiment  Station  Record ,  March,  1892. 
t  Bulletin  No.  38,  Wisconsin  Experiment  SUtion. 
I  Bulletin  Ko.  13,  Storr's  Experiment  Station. 
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fodder  rations  fed  by  many  prominent  dairymen  in  Connecti- 
cut, and  found  them  containing  about  2.5  pounds  of  diges- 
tible protein  and  17.5  pounds  of  total  digestible  nutrients. 
Where  rations  poorer  in  protein  were  fed  than  the  above, 
the  milk  produced  was  noted,  then  a  change  in  the  ration 
was  suggested,  and  later  the  production  of  the  herd  was 
again  accurately  observed. 

They  recommended,  as  a  **  tentative  ration,"  2.5  pounds 
of  digestible  protein  and  16  pounds  of  total  digestible  or- 
ganic matter, — practically  the  German  standard. 

The  many  experiments  already  carried  out  at  the  Massa- 
chusetts station  have  shown  the  economy  of  feeding  at  least 
2.5  pounds  of  digestible  protein  in  the  daily  ration. 

There  appears,  however,  to  be  a  diflference  in  opinion  as 
to  the  amount  of  protein  that  can  be  economically  fed  to 
our  dairy  cows,  and  the  investigation  that  follows  is  a  step 
towards  the  solution  of  the  problem. 

In  the  second  place,  we  have  endeavored  to  note  if  the 
varying  amounts  of  protein  in  rations  that  contain  sufficient 
total  digestible  organic  nutrients  have  had  any  noticeable 
effect  upon  the  quality  of  the  milk  produced. 

E.  Wolff*  and  G.  Ktihnf  during  the  years  1868-76  made 
this  subject  a  special  study.  The  results  of  their  investiga- 
tion may  be  stated  concisely  as  follows  :  — 

That  milk  production  is  dependent,  in  the  first  place, 
upon  the  individuality  of  the  cow  and  upon  the  develop- 
ment of  the  milk  glands.  It  is  impossible  to  radically 
change  the  composition  of  the  milk  by  means  of  food,  to 
transform  a  **  butter  cow  "  into  a  **  cheese  cow  "  at  will,  etc. 
On  the  other  hand,  there  are  cows  whose  milk  can  be  in- 
fluenced by  the  foods  fed,  but  only  to  a  limited  degree.  In 
the  thirty  cows  that  were  accurately  studied  there  were 
only  two  where  such  an  influence  of  the  fodder  was  de- 
cidedly proved.  With  some  of  the  other  cows  very  slight 
changes  only  were  noticed.  Of  all  the  milk  components, 
the  &t  was  by  fiar  the  most  influenced  by  the  food  supply. 

•  E.  Wolff,  "  Die  Veresuchsstation  Hohenhelm,"  Berlin,  1870. 
t  Joornal  fOr  Landw ,  1874;  Landw.  Verssuchsstatdon,  1869;   Bj^xodA  in  Did 
Smahnmg  der  LandwirthschaftlicliQ  ^tttztbiore,  £.  Wolff,  1876. 
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The  one-sided  increase  in  the  milk  fat  in  case  of  individual 
cows  was  parallel  with  the  increased  supply  of  digestible 
protein.  Different  concentrated  feeds  appeared  also  to 
have  increased  the  percentage  of  fat.*  A  previously  well- 
fed  cow,  fed  so  as  to  be  poorly  nourished,  f  would  decrease 
in  her  flow,  and  the  quality  of  the  milk  would  be,  as  a  rule, 
gradually  impaired,  though  not  radically  affected.  Upon 
these  experiments  of  Wolff  and  Ktihn  is  based  our  present 
knowledge  of  the  subject  under  consideration. 

In  1891  W.  FleischmannJ  presented  the  results  of  his 
studies  upon  a  large  herd  of  cows.  He  did  not  study  this 
especial  point,  namely,  the  effect  of  increasing  amounts  of 
protein  on  the  quality  of  the  milk ;  but  he  makes,  in  con- 
nection with  his  conclusions,  the  following  interesting  obser- 
vation: **The  fact  long  believed  to  be  true  in  practice^ 
namely,  the  increasing  the  amount  of  food  nutrients  to 
make  the  milk  of  cows  richer  in  fat  absolutely  as  well  as 
relatively,  would  seem  to  be  fully  confirmed." 

Kochs  and  Ramm  §  studied  this  subject  in  1891,  using 
three  cows  of  different  breeds,  and  concluded  that  in  case  of 
their  experiment  the  food  had  no  effect  upon  the  fat  content 
of  the  milk. 

From  2.2  to  4.4  pounds  of  digestible  true  protein  were  fed 
daily,  and  approximately  21  to  23  pounds  of  total  digestible 
organic  matter,  on  the  basis  of  1,000  pounds  live  weight. 
The  weakness  of  this  experiment  is  at  least  twofold :  first, 
because  of  the  few  cows  used;  and  second,  because  each 
cow  was  not  fed  with  the  exact  ration  belonging  to  her,  but 
the  entire  food  weighed  out  for  the  three  cows  was  given  to 
them  collectively. 

It  will  be  noticed  that  the  smallest  amount  of  protein  was 
2.25  pounds.  The  amount  of  total  digestible  organic  matter 
fed  was,  however,  above  Wolff's  standard,  so  that  the  nutri- 
tive ratio  was  1 :  8.00. 

*  Palmnnt  meal  and  bean  meal. 

1 1  wish  to  state  that  a  milch  cow  can  he  poorly  nourished  in  two  ways :  flrat,  bj 
not  getting  sufficient  food  to  eat ;  and  second,  while  she  may  get  enough  to  eat,  the 
food  for  milk  production  might  be  what  is  termed  an  improperly  balanced  one. 
Hay,  for  example,  contains  a  large  excess  of  carbohydrates  and  not  enough  protein. 

X  Landw.,  Jahrb.,  20, 1891,  Supplement  11 ;  Resume  in  Experiment  Stat^poBeoord, 
Vol.  Ill,  p.  424. 

i  Landw.,  Jahrb.,  Bd.  xxi,  1892,  p.  809. 
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W.  H.  Jordan  *  gives  the  results  of  several  trials.  In  the 
first  experiment  three  cows  were  used.  The  animals  were 
fed  in  the  second  period  of  14  days  on  hay  and  corn  meal, 
and  in  the  first  and  third  periods  2  pounds  of  cotton-seed 
meal  were  substituted  for  2  pounds  of  corn  meal.  Other- 
wise the  food  was  alike  in  all  three  periods.  The  corn  meal 
ration  contained  .87  pound  of  digestible  protein  and  12.45 
pounds  total  digestible  organic  nutrients  for  cows  weighing 
925  to  950  pounds,  —  clearly  an  insuflScient  amount,  as  the 
experimenter  states.  The  cotton-seed  ration  contained  1.47 
pounds  of  digestible  protein  and  12.41  pounds  of  total  diges- 
tible organic  nutrients,  also  insufficient  in  quantity,  but  still 
somewhat  improved.  Two  of  three  cows  showed  a  slight 
increase  in  the  solid  matter  of  the  milk  on  the  cotton-seed 
ration,  and  one  a  decrease.  The  percentage  of  fat  in  the 
milk  of  the  same  two  cows,  on  a  basis  of  13  per  cent,  total 
solid  matter,  was  quite  uniform  for  all  three  periods.  The 
milk  of  the  cow  that  showed  a  decrease  in  per  cent,  of  solid 
matter  on  the  cotton-seed  ration  showed  at  the  same  time  a 
slight  decrease  in  the  fat  percentage,  on  the  basis  of  13  per 
cent,  total  solids. 

We  have  here  another  example  of  how  different  cows  are 
differently  affected  by  similar  foods.  This  experiment  was 
repeated  the  next  year  with  four  cows,  but  as  far  as  the 
components  of  the  milk  were  concerned  very  little  change 
was  noted. 

In  1893  the  same  investigator  published  the  results  of 
experiments  with  three  cows.  The  total  digestible  nutrients 
fed  were  sufficient,  and  each  period  lasted  85  days.  The 
milk  was  analyzed  the  last  five  days  of  each  period. 

The  writer  thinks  it  would  have  been  better  to  have  had 
the  results  of  the  composition  of  the  milk  for  five  days  of 
each  week  for  every  period. 

Only  the  very  briefest  r6sum6  is  here  given  :  — 

*  Maine  Experiment  Station^  reports  for  1835-86, 1886-87, 1393. 
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Protein. 

Pounds 

ftd. 

Total  Solids  m  Hilx  of  Cowb. 

Cow 
A. 

Cow 
R. 

L.8. 

Three 
Cows. 

Wide  ration,    .... 
Narrow  ration. 

Percentage  increase  of  narrow 
over  wide  ration, 

1.18 

2.09 

Per  cent. 
13.39 

14.11 

Per  cent. 

13.64 
13.92 

Percent 

13.60 
14.27 

Percent 
13.61 
14.10 

4.87 

Per  Cent,  of  Fat  in  Milk  an  a  Basis  of  Fourteen  Per  Cent,  Solids. 


Wide  ration,    .        .        .        . 
Narrow  ration. 

Percentage  increase  of  narrow 
over  wide  ration, 


1.18 
2.09 


4.43 

4.68 

5.64 


4.46 
4.77 

7.19 


4.43 
4.72 

6.54 


4.43 
4.73 

6.60 


This  experiment  would  indicate  that  the  increase  of  protein 
in  the  food  had  somewhat  increased  the  per  cent,  of  fat  in 
the  milk. 

The  experimenter  draws  the  following  conclusion:  **In 
general,  the  milk  was  richer  while  the  cows  were  fed  the 
ration  rich  in  protein,  though  with  one  cow  it  showed  the 
largest  per  cent,  of  solids  during  the  third  period,  while  she 
was  eating  the  corn-meal  ration. 

**  In  general,  the  proportion  of  fet  increased  throughout  the 
experiment,  without  regard  to  what  the  cows  were  fed,  and 
no  evidence  is  furnished  in  support  of  the  notion  that  by 
changing  the  food  it  is  possible  to  produce  more  butter  fat 
without  an  accompanying  increased  production  of  other  milk 
solids.'' 

Armsby  *  carried  out  similar  experiments  with  three  cows 
during  the  years  1885  and  1886.  The  digestible  protein  fed 
during  1885  was  from  1.5  to  2  pounds  daily  and  the  total 
digestible  organic  nutrients  13.5  pounds  daily  to  cows  of  about 
850  pounds  live  weight.  These  rations  were  suflScient  in 
quantity.  During  1886  1.1  to  1.8  pounds  digestible  protein 
and  12.7  pounds  of  total  organic  nutrients  were  fed.  The 
weight  of  the  animals  is  not  given,  but  probably  they  were 
about  the  same  as  in  the  previous  experiment.     Armsby 


«  WiBconsin  Bxpeiiment  Station,  xeportB  for  1885  and  1886. 
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felled  to  find  any  change  in  the  composition  of  the  milk  that 
could  be  traced  to  food  influence. 

The  New  Hampshire  Experiment  Station  *  failed  to  note 
any  decided  improvement  in  the  quality  of  the  milk  when 
rations  containing  sufficient  digestible  organic  nutrients 
were  fed,  by  varying  the  digestible  protein  from  2  to  3 
pounds  daily. 

The  Iowa  Experiment  Station  in  1891  published  the  results 
of  an  experiment  made  **  to  determine  the  effect  of  food  upon 
the  quality  of  milk,"  without  apparently  endeavoring  to  note 
the  effect  of  any  particular  group  of  constituents  in  the  fodder 
ration.  They  compared  the  effect  of  com  meal  (low  in  pro- 
tein) with  gluten  meal  (high  in  protein).  They  really  fed 
one  ration  containing  but  1.05  pounds  of  digestible  protein 
and  another  containing  2.18  pounds.  Four  cows,  averaging 
1,000  pounds  in  live  weight,  were  used  in  the  experiment,  — 
three  grade  Shorthorn  and  one  grade  Holstein.  It  is  impos- 
sible, for  lack  of  data,  to  calculate  accurately  the  amount 
of  digestible  nutrients  fed,  but  an  attempt  has  been  made 
below  to  get  an  approximate  idea.  It  appears  that  neither 
the  com  fodder  nor  the  clover  hay  was  tested  for  moisture 
or  subjected  to  analysis. 


Ration  I. 

ratioh  n. 

Com  and  cob  meal,  . 

Pounds. 

12i 

Sugar  (gluten)  meal,      . 

Poanda. 

10 

Com  fodder. 

12 

Com  fodder,    . 

12 

Clover  hay. 

4 

Clover  hay. 

4 

«  BnUetlns  9  and  10. 
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BatioQi. 

BaUon  n. 

Percent 
IncreaM  of 
U.overL 

Digestible  protein  (pounds), 

•    1.06 

2.18 

- 

Total  nutrients  fed  (pounds), 

14.09 

13.51 

- 

Nutritive  ratio, 

1:13.10 

1:5.71 

- 

Total  yield  of  milk  (pounds). 

8,302.60 

3,399.60 

2.94 

Total  solids  (pounds),     . 

392.08 

428.21 

9.21 

Fat  (pounds),  . 

111.25 

134.39 

20.80 

Per  cent,  of  solids  in  milk. 

11.93 

12.63 

5.87 

Percent  of  fat  in  milk,   . 

8.87 

8.94 

16.90 

Milk  on  basis  of  12  per  cent  total  solids 

(pounds). 
Fat,  per  cent,  basis  12  per  cent  solids, . 

3,283.20 
3.39 

3,578.00 
3.74 

8.97 
10.32 

So  far  as  one  is  able  to  judge  from  the  data  presented, 
these  rations,  other  things  being  equal,  were  not  sufficient 
for  cows  of  1,000  pounds  live  weight  that  had  had  calves 
but  a  short  time  previous  to  the  experiment,  and  yielding 
12  to  15  quarts  of  milk  daily.  They  should  apparently  have 
received  at  least  3  pounds  more  of  total  digestible  organic 
matter  daily.  This  insufficient  food  would  of  itself  have  had 
a  tendency  to  produce  a  poor  quality  of  milk.  In  the  corn 
and  cob  meal  ration  the  protein  supply  was  quite  low,  and  it 
is  surprising  that  the  animals  did  not  shrink  more  than  9  per 
cent,  in  their  yield  of  milk  on  the  basis  of  12  per  cent,  solids 
below  the  sugar-meal  ration.  The  milk  of  Ration  I.  shows 
the  effect  not  only  of  lack  of  protein  but  of  lack  of  sufficient 
food  as  well.  In  the  sugar-meal  ration  the  replacing  of  a 
pound  of  carbohydrates  by  a  pound  of  protein  is  seen  in  the 
increase  of  the  solid  matter,  and  especially  of  the  amount  of 
fat.  The  weight  of  the  animals  at  the  beginning  and  end 
of  the  periods  (21  days)  is  not  given,  but  it  is  stated  that 
**  the  variations  were  not  greater  than  usually  appear  in  the 
live  weight  of  such  animals,  and  did  not  surely  indicate  gain 
or  loss." 

It  hardly  seems  possible  to  the  writer  that  animals  fresh 
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in  milk,  with  an  average  weight  of  1,000  pounds,  could  be 
fed  on  such  a  food  combination  as  Kation  I.  and  not  show 
the  effect  of  it  in  a  very  short  time.  The  data  given  show 
that  the  quantity  of  the  milk  was  increased  and  the  quality 
improved,  especially  its  fat  content,  by  increasing  the  sup- 
ply of  protein  in  the  daily  ration.  The  poor  quality  of  the 
milk  in  Kation  I.  was  due  in  all  probability  partly  to  the 
lack  of  food  and  partly  to  the  small  amount  of  protein  pres- 
ent. The  experiment  teaches  nothing  new,  as  the  investiga- 
tors seem  to  think.  It  has  long  been  recognized  that  when 
insufficient  rations  are  fed,  and  they  are  at  the  same  time 
especially  lacking  in  protein,  the  milk  of  many  cows  will 
show  a  decrease  in  quality.  The  fat  has  a  tendency  to  be 
more  affected  than  the  other  ingredients. 

The  experiment  made  at  the  Massachusetts  State  Experi- 
ment Station  about  to  be  described  in  the  following  pages 
is  intended  first  as  an  object  lesson  to  our  dairymen,  and 
secondly  it  was  made  with  a  view  of  obtaining  additional 
information  of  an  economical  as  well  as  of  a  scientific  nature 
upon  this  still  somewhat  disputed  question. 

Plan  op  the  Experiment. 

The  experiment  was  divided  into  three  periods,  known  as 
Series  I.,  II.  and  III.  The  preliminary  feeding  generally 
lasted  seven  days,  and  the  period  itself  fourteen.  In  Series 
I.  it  required  longer  than  seven  days  to  get  the  cows 
accustomed  to  the  ensilage.  In  Series  III.  a  and  5,  the 
periods  themselves  lasted  but  nine  days. 

The  distinct  rations  fed  will  be  stated  further  on.  In 
Series  I.  a,  2.58  pounds  of  protein  (N.R.  1 :  4.8)  were  fed, 
and  in  Series  I.  6,  1.31  pounds  of  protein  (N.R.  1:  10). 
The  ration  6  represents  the  way  a  great  many  New  England 
fisinners  feed,  while  ration  a  is  not  far  from  the  German 
standard.  In  Series  II.  a,  2.55  pounds  of  protein  were  fed, 
essentially  the  same  as  in  Series  I.  a;  and  in  Series  U.  £, 
2.24  pounds  of  protein  (N.R.  1 :  5.8)  were  fed,  rather  less 
in  amount,  and  furnishing,  consequently,  a  somewhat  wider 
nutritive  ratio.  In  this  period  also  we  get  a  direct  compari- 
son of  the  relative  effect  of  Buffalo  gluten  feed  and  corn 
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meal.  In  Series  III.  a,  2.91  pounds  of  protein  (N.R. 
1 :  4.4)  were  fed,  and  in  Series  III.  6,  3.76  pounds  of  pro- 
tein were  fed,  being  relatively  large  amounts  of  protein  with 
correspondingly  narrow  rations. 

Strictly  speaking,  these  series,  so  far  as  the  yield  of  milk 
is  concerned,  can  be  compared  only  with  themselves,  but  not . 
with  each  other,  for  Series  I.  a  and  b  was  in  operation  dur- 
ing the  latter  part  of  January  and  the  first  half  of  February, 
Series  II.  a  and  b  was  completed  about  the  end  of  March, 
and  Series  III.  a  and  b  about  May  1.  During  this  time  the 
cows  would  naturally  shrink  some  in  their  milk  yield.  In 
order  to  overcome  so  fer  as  possible  the  natural  milk  shrink- 
age in  comparing  the  effect  of  the  rations  in  the  three  series 
on  the  total  yield  from  the  herd,  the  following  plan  was 
adopted:  take,  for  example.  Series  I.  a  and  6.  Cows  1,  2 
and  3  were  fed  the  narrow  ration,  Series  I.  a,  during  the 
two  weeks  that  cows  4,  5  and  6  received  the  wide  ration. 
Series  I.  6;  and  then  the  operation  was  reversed,  cows  1,  2 
and  3  receiving  the  wide  ration.  Series  I.  6,  while  cows  4, 
5  and  6  received  the  narrow  ration,  Series  I.  a.  This  plan 
was  continued  through  the  entire  series. 


History  of  Cows. 

NAME  OF 
COW. 

Bbskd. 

Age 
(Yeam). 

Last  Calf  dboppkd. 

Dailv  Yield 
of  Milk  at 
Beginning 
of  Trial 
(Quarta). 

Nettie.    . 

Grade  Holstein,      . 

8 

July,        1893, 

11 

Mary,     . 

Grade  Dorhani, 

8 

Dec.   17,1894, 

12 

Gem, 

Grade  Shorthorn,    . 

c 

Dec.     6, 1891, 

9 

Sarah,    . 

Grade  Jersey, . 

6 

Dec.,        1893, 

81 

Nora,      . 

Grade  Ayrshire, 

6 

Mar.  25,1893, 

7 

Nellie,    . 

Native,    . 

9 

Aug.  15, 1893, 

lOJ 

Hattie,    . 

Grade  Jersey, 

6 

Mar.  23, 1894, 

18 

The   cows  were  six  in  number;   during  the  last  period 
Hattie  was  substituted  for  Sarah. 
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What  the  Cows  were  Fed. 

In  Series  I.  and  II.  the  coarse  fodder  consisted  of  3  to  4 
pounds  of  dry  corn  stover  and  corn  ensilage  ad  libitum. 
The  com  ensilage  was  made  from  Pride  of  the  North  corn, 
and  was  cut  and  put  in  the  silo  when  the  kernels  were  glaz- 
ing. It  was  of  good  quality.  In  Series  III.  the  coarse 
fodder  consisted  of  corn  stover  and  a  good  quality  of  rowen. 

The  grains  consisted  of  wheat  bran,  com  meal,  Buffalo 
gluten  feed,  cotton-seed  meal  and  Chicago  gluten  meal,  all 
of  good  quality.  One  ounce  of  salt  was  fed  daily.  Its 
beneficial  effect  upon  the  appetite  and  circulation  is  gen- 
erally acknowledged. 

How   THE   Cows   WERE   FeD  AND  KePT. 

The  food  was  given  in  two  portions,  one-half  about  six 
o'clock  in  the  morning  and  the  other  about  four  o'clock  in 
the  afternoon.  The  grains  were  fed  dry.  The  cows  were 
watered  twice  daily,  afl«r  eating  in  the  morning  and  before 
eating  in  the  afternoon.  The  animals  were  well  carded  and 
allowed  several  hours'  exercise  in  the  yard  whenever  weather 
permitted.  The  animals  were  weighed  weekly,  in  the  morn- 
ing before  being  watered. 

Sampling  the  Milk. 
A  composite  sample  of  the  milk  was  made  for  three  days 
of  each  week  (six  milkings),  and  this  was  taken  to  represent 
the  average  composition  of  the  milk  for  the  week. 

Average  Coryipoaition  of  the  Daily  Fodder  Baiions  {1894).* 


Series  I.f 


a. 

ft. 

Wheat  bran,    . 

.    3.00  lbs. 

Wheat  bran,    . 

.    4.50  lbs. 

Buffalo  gluten  feed, 

.    3.00    " 

Cora  meal. 

.    4.60    " 

Cotton-seed  meal,  . 

.    3  00    " 

Cora  stover,    . 

.    4  00    « 

Cora  stover,    . 

.    4.00    «* 

Cora  ensilage, 

.  43.50    " 

Corn  ensilage, 

.  42.78    " 

Nntritive  ratio. 

1:10 

Nutritive  ratio. 

.       1:4.80 

Total  cost. 

.  14.99  cts. 

Total  cost. 

.  15.95  cts. 

Manorial  value  obtainable. 

.    5.84    " 

Manorial  valne  obtainab 

le,    .    8.46    " 

Net  cost, 

.    9.15    " 

Net  cost 

-     7.4ft     " 

'                                 '    ""^ 

*  Bee  digestible  nutrienta  fed  to  each  cow,  further  on. 
t  Periods  14  days  long. 
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Average  Composition  of  the  Daily  Fodder  Rations  —  Concluded. 

Series  II.* 


Wheat  bran 3. 

Baffalo  gluten  feed,  .  .  3. 
Cotton-seed  meal,  .  .  .3. 
Com  stover,  .  .  .  .4. 
Com  ensilage,  .  .  .42. 
Nntritlye  ratio, 

Total  cost,  .  .  .  .16, 
Manurial  value  obtainable,  .  8 
Net  cost, 7. 


,00  lbs. 
00    " 
,00    " 
00    " 
.97    " 
1:4.8 
.97.ct8. 
47    " 
50    " 


Wheat  bran,    . 
Cotton-seed  meal, 
Corn  meal. 
Com  stover,    . 
Com  ensilage, 
Nutritive  ratio. 
Total  cost, 


.  3.00  lbs. 
.  3.00  «» 
.  3.00  " 
.  4.00  " 
.  46.41  «* 
1:58 
.  16.40  cts. 


Manurial  value  obtainable,    .    8.00    " 
Net  cost, 8.40    " 


Series  Ill.f 


a. 

b. 

Wheat  bran,    . 

.    3.00  lbs. 

Buflklo  gluten  feed, 

.    3.00  lbs. 

Cotton-seed  meal,  , 

.    3.00    " 

Chicago  gluten  meal. 

.    8.00    " 

Corn  meal. 

•    3.00    " 

Cotton-seed  meal,  . 

.    3.00    *« 

Rowen,   . 

.    9.00    " 

Rowen,    . 

.  14.00    « 

Com  stover,    . 

.    6.56    " 

Com  stover,    . 

.    4.00    " 

Nutritive  ratio. 

.        1:4  14 

Nutritive  ratio. 

.       1:3.06 

Total  cost, 

.  19  38  cts. 

Total  cost. 

.  20.13  cts. 

Manurial  value  obtainable, 

.  10.12    " 

Manurial  value  obtainab 

le,    .  11.13    « 

Net  cost, ,       .       r       - 

.    9.26    " 

Net  cost, ... 

-    onn    «i 

*  Periods  14  days  long. 


t  Periods  9  days  long. 


Jan.     16  to  Jan.     29, 
Feb.      6  to  Feb.     19, 


Dates  of  the  Series. 


Bekies  I.  a. 
Cows  1,  2  and  3. 
Cows  4,  6  and  6. 


Skbibs  I.  b. 
Cows  4,  5  and  6. 
Cows  1,  2  and  3. 


Feb.     27  to  March  12, 
March  19  to  April     1, 


Skriks  n.  a. 
Cows  1,  2  and  3. 
Cows  4,  5  and  6. 


Sbsiks  it.  b. 
Cows  4,  5  and  6. 
Cows  1,  2  and  3. 


April 
April 


8  to  April    16, 
22  to  April  30, 


Skriks  III.  a. 
Cows  1,  2  and  3. 
Cows  4,  5  and  6. 


Series  III.  b. 
Cows  4,  5  and  6. 
Cows  1,  2  and  3. 
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Table  I. 

(a)  Remit  of  the  Inquiry  as  to  the  Amount  of  Protein  that  can 
be  Economically  fed  to  Milch  Cows  daily. 

Quantity  and  Cost  of  Milk  produced  per  Day, 


Mabt. 

Gem. 

Babah. 

NOBA. 

Fbxdino 
Pbbiodb. 

^1 

|i 

-1 

gh 

u 

3* 

si 

si 

;5^ 

u 

P 

Qts. 

Cto. 

QU. 

Cts. 

QU. 

CU. 

Qts. 

Cts. 

1.71 

Qts. 

cts. 

i- 

Cts. 

Series    I.  a. 

11.54 

i.« 

11.10 

1.89 

9.48 

1.07 

8.75 

7.81 

2.08 

10.81 

1.61 

Seriee    I.  6, 

9.65 

1.65 

0.75 

1.05 

8.40 

1.78 

8.32 

1.66 

7.20 

2.08 

10.06 

1.41 

Series  II.  a, 

10.01 

1.53 

10.21 

1.70 

9.82 

1.09 

7.21 

2.01 

7.04 

2.20 

9.32 

1.00 

Series  II.  ft, 

9.45 

1.73 

8.20 

2.12 

8.64 

1.02 

7.94 

1.95 

7.29 

2.30 

10.82 

1.00 

Series  m.  a, 

8.37 

2.18 

0.87 

2.05 

7.47 

2.41 

•13.75 

1.60 

7.24 

2.85 

8.92 

2.31 

8eriesm.6» 

10.80 

2.07 

8.04 

2.62 

0.22 

2.32 

13.28 

1.40 

7.34 

2.66 

9.17 

2.06 

*  Battle,  new  oow. 


Tablb  n. 
Summary  for  the  Six  Cows. 


rXBXODB. 

Pounds 
Protein 

fed 
Daily. 

Weight. 

Total 

Yield  of 

Milk. 

Total 
Cost  per 
Quart. 

Net 

Cost  per 
Quart. 

Total 
Amount 

of 

Butter 

Pat. 

Totsl 
Cost  per 
Pound. 

Pounds. 

QuarU. 

Cents. 

OenU. 

Pounds. 

Cento. 

Series     I.a,«    . 

2.00 

878 

887.60 

1.00 

0.77 

82.17 

10.80 

Series     1.6,*     . 

1.80 

807 

760.61 

1.00 

1.02 

07.37 

18.07 

Series  11.  a,*    . 

2.66 

871 

768.00 

1.77 

0.84 

78.20 

17.12 

Series  n.6.«    . 

2.24 

873 

726.04 

1.90 

0.97 

70.09 

19.00 

Series  m.a,t     • 

2.91 

874 

473.44 

2.21 

1.00 

46.26 

23.12 

Series  m.6,t     . 

3.70 

862 

524.P4 

2.11 

0.93 

60.96 

21.00 

•  Period  14  days. 


t  Period  9  days. 


The  above  summary  furnishes  some  very  instructive  les- 
sons. 

Series  I.  a  and  b. 
Series  I.  6  shows  how  a  great  many  farmers  feed.     The 
ration  contained  some  corn  stover,  with  corn  ensilage  ad 
libitum  J  and  4.5  pounds  each  of  wheat  bran  and  corn  meal. 
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This  ration  contains  but  1.3  pounds  of  digestible  protein. 
Series  I.  a  shows  a  properly  balanced  ration,  consisting  of 
the  same  coarse  fodders  as  b  and  three  pounds  each  of  wheat 
bran,  Buffalo  gluten  feed  and  cotton-seed  meal.  The  ap- 
proximate total  cost  of  h  was  15  cents  and  the  net  cost  9.15 
cents,  while  the  total  cost  of  ration  a  was  16  cents  and  the 
net  cost  7.5  cents.  While  the  total  cost  of  ration  a  was  a 
trifle  more,  the  net  cost  was  fully  1.5  cents  less,  due  to  the 
&ct  that  this  mtion  furnished  a  much  better  manure. 

Ration  a  produced  837.5  quarts  of  milk,  at  a  total  cost  of 
1.6  cents  per  quart ;  and  ration  b  produced  756.5  quarts  of 
milk,  at  a  total  cost  of  1.66  cents  per  quart.  Note  also  that 
the  net  cost  of  a  quart  of  milk  in  ration  a  was  .72  cent  and 
in  ration  b  1.02  cents.  Thus  not  only  were  81  quarts  more 
of  milk  produced  during  the  ration  a  period,  but  both  the 
total  and  net  cost  of  the  milk  were  less. 

Again,  ration  a  produced  82.17  pounds  of  butter  fat,  and 
at  a  cost  of  16.3  cents  per  pound ;  while  ration  b  produced 
but  67.37  pounds,  at  a  cost  of  18.67  cents  per  pound. 
Whether  or  not  the  quality  of  the  milk  was  affected  by  the 
different  foods  will  be  discussed  further  on. 

The  six  cows  fed  on  ration  b  showed  an  average  decrease 
of  eleven  pounds  in  live  weight.  It  is  certain,  however, 
that  more  flesh  and  fat  were  lost  than  the  scales  specified, 
for  during  Series  I.  b  the  animals  looked  thin  and  had  every 
appearance  of  being  improperly  nourished.  In  all  prob- 
ability flesh  and  fat  were  replaced  by  water.  It  is  very 
clear,  then,  that  a  ration  containing  2.60  pounds  of  protein 
was  more  economical  to  feed  than  one  containing  approxi- 
mately one-half  that  amount.  This  experiment  deserves  the 
serious  attention  of  our  farmers. 

Series  IL  a  and  6. 
This  series  can  hardly  be  compared  with  Series  I.,  as  it 
was  later  and  the  animals  had  naturally  shrunk  some  in  their 
milk  production.  In  ration  a  2.55  pounds  of  protein  were 
fed  and  in  ration  &  2.24  pounds,  the  only  difference  in  the 
grain  ration  being  that  in  ration  b  3  pounds  of  corn  meal 
took  the  place  of  3  pounds  of  Buffalo  gluten  feed.  The  live 
weight  of  the  animals  remained  constant  during  this  series. 
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In  ration  a  35  quarts  more  of  milk  were  produced,  at  .13  cent 
less  per  quart  than  in  ration  h.  The  net  cost  of  the  milk 
was  correspondingly  less.  In  ration  a  also  8  pounds  more 
of  butter  fat  were  produced  at  1.5  cents  less  per  pound. 
These  figures  show  the  butter  and  milk  producing  power  of 
the  BuflTalo  gluten  feed  over  the  corn  meal,  or,  more  cor- 
rectly speaking,  the  influence  of  even  .25  pound  more  of 
digestible  protein  and  also  possibly  the  effect  of  the  increased 
fat,  in  the  daily  fodder  ration. 


Series  IIL  a  and  b. 

The  periods  in  this  series  lasted  only  nine  daj's.  In 
ration  a  2.91  pounds  of  digestible  protein  were  fed  and  in 
ration  6  3.76  pounds.  Here  again  we  see  the  influence  of 
the  extra  amount  of  protein  in  the  fact  that  51  quarts  more 
of  milk  were  produced  during  the  nine-day  period  (equiva- 
lent to  78  quarts  during  14  days),  at  .1  cent  less  per  quart. 
The  net  cost  of  the  milk  in  ration  a  was  correspondingly 
less.  In  ration  a  5.7  pounds  more  of  butter  fat  were  pro- 
duced than  in  ration  5,  at  1.43  cents  less  per  pound. 

So  far,  then,  as  this  one  set  of  experiments  is  con- 
cerned, the  largest  amount  of  protein  fed  daily,  viz.,  3.76 
pounds,  was  the  most  economical.  It  must  be  admitted 
that  in  feeding  so  much  protein  the  animal  is  asked  to 
do  her  best,  and  it  is  a  question  for  how  long  a  time 
she  would  be  able  to  continue.  The  writer  believes,  how- 
ever, that  during  the  late  fall  and  winter  months  cows 
that  are  in  good  condition  can  be  fed  from  2.5  to  3 
pounds  of  digestible  protein  daily  with  profit.  It  probably 
would  not  be  advisable  to  feed  over  2.5  pounds  daily  to 
animals  that  are  soiled  during  the  spring,  summer  and  early 
autumn. 

Farmers  are  especially  cautioned  not  to  feed  too  large  an 
amount  of  grain  during  the  summer  that  contains  a  high  per- 
centage of  fat.  A  large  amount  of  fat  in  the  daily  ration  at 
this  season  tends  to  overheat  the  animal  and  produce  inflam- 
mation of  the  milk  glands.  Among  such  grains  may  be 
mentioned  cotton-seed  meal,  Buffalo  gluten  feed,  cream 
gluten  meal.  King  gluten  meal,  etc.     Not  above   4  to  5 
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quarts  of  the  Buffalo  gluten  feed  or  2  quarts  of  any  of  the 
others  should  enter  into  any  one  daily  grain  ration  during 
the  summer  months. 

While  2.5  pounds  or  more  of  protein  have  been  shown  to 
be  economical  in  the  present  experiment,  the  writer  believes, 
with  Wolff,  that  it  is  also  necessary  to  keep  up  the  flow  of 
milk  for  the  longest  possible  time.  The  demands  upon  the 
cow  that  produces  10  to  12  quarts  of  milk  daily  are  severe, 
and  she  must  be  well  supplied  with  sufficient  digestible  pro- 
tein to  meet  these  demands. 
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One  cannot  fail  to  note  the  variations  in  the  composition 
of  the  milk  obtained  in  the  different  series.  The  percentage 
increase  or  decrease  in  the  per  cent,  of  total  solids  is  rela- 
tively small,  being  in  most  cases  from  5  to  3  per  cent.  The 
percentage  variations  in  the  per  cent,  of  fat,  on  the  other 
hand,  are  much  wider,  in  some  cases  as  high  as  16  per  cent, 
or  more  being  noted.  With  some  of  the  cows,  in  cases 
where  more  protein  was  fed,  the  percentage  of  solids  not  fat 
shows  a  steady  decrease,  the  fat,  on  the  other  hand,  increas- 
ing even  more,  showing  that  the  solids  not  fat  were  somewhat 
depressed  at  the  expense  of  the  fat.  With  other  cows  this 
variation  in  solids  not  fat  was  very  slight. 

Series  L  a  and  6. 

In  Series  I.  6,  when  but  l.SQ  pounds  of  digestible  protein 
were  fed  in  the  daily  ration,  th^  amount  of  fat  in  the  milk  is 
noticeably  lower  than  in  Series  I.  a,  when  double  tne  amount 
of  protein  was  consumed  daily.  The  percentage  increase  in 
the  per  cent,  of  the  fat  in  Series  I.  a  is  also  high,  varying 
from  4  to  20  in  case  of  the  first  five  cows. 

The  total  solids  were  also  increased  in  a,  but  to  a  much 
less  degree. 

The  solids  not  fat  showed  a  percentage  of  decrease  in  case 
of  the  first  three  cows  of  some  6  per  cent.,  and  with  the  last 
three  a  slight  increase  appeared.  The  ratio  of  fat  to  solids 
not  fat  should  by  no  means  pass  unnoticed.  In  case  of  the 
first  five  cows,  in  a  it  was  as  1 :  1.95,  while  in  6  as  1 :  2.36. 

The  cows  also  differed  in  what  may  be  termed  their  sus- 
ceptibility to  the  influence  of  the  different  fodder  rations. 
The  percentage  of  fat  increase  in  the  milk  in  case  of  cows 
Sarah  and  Nora  was  not  so  great  as  in  case  of  the  first  three 
cows;  while  in  case  of  Nellie  the  extreme  food  changes 
seemed  to  have  had  a  comparatively  small  influence  on  the 
composition  of  the  milk.  The  animal  appeared,  however, 
to  feel  more  than  any  of  the  other  cows  the  bad  effect  of  the 
improperly  combined  ration  6.  Her  whole  general  appear- 
ance told  of  a  non-suitable  food  supply.  This  cow  illustrates 
quite  clearly  the  fact  that  the  composition  of  the  milk  of  dif- 
ferent cows  can  be  differently  affected  by  the  same  food  com- 
binations.    Although  she  gave  every  appearance  of  receiving 
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improper  nourishment,  she  still  maintained  the  quality  of  her 
milk.  It  is  to  be  noticed  that  the  milk  of  the  last  three  cows 
appeared  to  be  less  affected  than  that  of  the  first  three.  This 
might  in  a  measure  at  least  be  due  to  other  than  food  influ- 
ences, for  the  two  lots  of  cows  received  the  same  rations  at 
different  dates.  The  temperature  of  the  stable  showed  •  no 
wide  variations  during  either  a  or  h. 

Series  11.  a  and  h. 
Here  the  differences  are  not  so  marked.  Nettie,  Sarah, 
Nora  and  Nellie  show,  however,  a  higher  percentage  of  fat 
in  case  of  ration  a,  when  more  protein  and  fat  were  fed. 
The  total  solids  of  Nettie,  Sarah  and  Nora  are  also  higher, 
but  the  percentage  increase  is  not  nearly  as  marked  as  in 
case  of  the  fat.  The  solids  not  fat  on  the  whole  appear  to 
have  been  little  affected.  The  ratio  of  fat  to  solids  not  fat 
for  the  six  cows  fed  on  ration  a  is  as  1 :  1.88  ;  while  ration  b 
was  fed  the  ratio  is  as  1 :  2.03. 

Series  IIL  a  and  6. 

The  ratio  of  fat  to  solids  not  fat  in  a  is  as  1 :  2.10  and  in  h 
as  1 :  2.07,  showing  practically  identical  results.  The  vari- 
ations in  the  per  cents,  of  both  the  solids  and  the  fat  are  in 
nearly  every  case  quite  small. 

In  order  to  get  a  better  illustration  of  the  effect  of  the  food 
or  protein  upon  the  fat  of  the  milk,  the  following  table  is 
presented,  showing  the  fat  percentage  on  the  basis  of  13  per 
cent,  of  solid  matter  in  the  milk  :  — 

Table  V. 
Showing  FaJt  Percentages  on  Basis  of  13  Per  Cent,  Total  Solids, 
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4.15 

4.00 

4.58 

4.30 

4.27 

8.08 

8eriMl.fr 

1.30 

3.48 

4.10 

8.02 

4.25 

4.11 

4.11 

Peroenuge  iDcreaae  a  over  &,  . 

- 

+13.51 

+14.40 

+10.84 

+2.60 

+3.89 

—4.88 

Series  II.  a 

2.55 

4.82 

4.05 

4.00 

4.83 

4.00 

4.10 

8erieell.fr 

2.24 

4.18 

4.08 

4.51 

4.30 

4.18 

3.88 

Percenuge  IneresM  a  over  fr,  . 
Series  m.  a 
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+3.85 
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+10.78 

+11.48 

+7.22 

2.01 

4.26 

4.42 
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4.51 

3.00 

8.81 

8eriesIII.fr 
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—6.35 
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-1.65 

+3.78 

+8.00 

64  AGRICULTURAL  EXPERIMENT  STATION.  [Jan. 

The  same  remarks  that  were  made  in  relation  to  the  pre- 
vious table  apply  with  equal  force  here.  In  Series  I.  the  fat 
percentage  is  distinctly  higher  in  a  than  in  5,  the  per  cent, 
increase  in  percentage  of  fet  in  case  of  five  cows  being  from 
2.5  to  nearly  17  per  cent.  In  Series  II.  a,  when  2.55 
pounds  of  protein  were  fed,  the  per  cent,  increase  in  the 
percentage  of  fat  is  from  2  to  11.50  per  cent,  above  that 
obtained  in  &,  when  2.24  pounds  of  protein  were  consumed. 
In  Series  III.  no  distinctly  noticeable  effect  of  the  food  is  to 
be  seen  on  the  percentage  of  fat  in  the  milk. 

In  Series  I.,  II.  and  III.  a,  when  from  2.55  to  2.91 
pounds  of  digestible  protein  were  fed  daily,  the  percentage 
of  fat  in  the  milk  of  each  of  the  cows  appears  to  be  very 
even.  Two  cows  show  rather  wide  variations  at  times,  but 
this  can  be  accounted  for  only  from  the  condition  of  the 
cow,  and  not  from  the  food  influence. 

It  is  well  known  that  the  fat  content  of  the  milk  will  vary 
from  time  to  time  when  the  same  fodder  ration  is  fed. 
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The  above  table  presents  the  average  results  obtained 
from  the  six  cows  in  each  of  the  three  series.  The  average 
weight  of  the  herd  remained  quite  constant  during  the  four 
months'  trial,  showing  a  slight  decrease  in  Series  I.  6,  when 
a  small  amount  of  protein  was  fed,  and  another  slight  de- 
crease in  Series  III.  6,  when  a  very  large  amount  of  protein 
was  consumed.  The  total  amount  of  organic  matter  fed  in 
each  series  is  practically  the  same,  and,  so  far  as  the  total 
digestible  nutrients  are  concerned,  the  animals  can  be  said 
to  have  been  well  nourished. 

Series  L  a  and  6. 

The  table  shows  that,  with  the  same  amount  of  total 
organic  matter  consumed  daily,  only  one-half  the  digestible 
protein  (1.50  pounds)  was  fed  in  ration  b  that  was  con- 
sumed in  ration  a. 

The  milk  production  in  b  decreased  12.60  per  cent,  on 
the  basis  of  13  per  cent,  solid  matter,  the  total  solid  matter 
12.52  per  cent,  and  the  total  fat  21.49  per  cent.  The  per- 
centage decrease  in  the  composition  of  the  milk  in  b  was  in 
case  of  the  total  solids  but  1.71  per  cent.,  while  in  case  of 
fat  it  was  8.52  per  cent,  with  milk  containing  13  per  cent, 
solids.  In  this  Series  a  the  avemge  results  show  the  solids 
not  fat  were  decreased  only  4.10  per  cent.  Attention  has 
already  been  called  to  the  fact  that  some  cows  in  this  series 
showed  a  percentage  decrease  in  the  percentage  of  solids 
not  fat  of  from  5  to  7  per  cent. 

The  figures  would  seem  to  indicate  that  the  lack  of  protein 
caused  a  decrease  in  the  total  milk  yield,  and  also  a  de- 
crease, although  not  so  much,  in  the  composition  of  the 
milk  itself,  especially  in  the  fat  content. 

Series  IL  a  and  b. 
The  same  is  true  of  this  series  as  of  the  former  one.  The 
variation  in  the  protein  supply  is  not  so  great,  the  difference 
being  in  the  substitution  of  3  pounds  of  corn  meal  for 
3  pounds  of  Buffalo  gluten  feed.  Ration  a,  when  more 
protein  was  fed,  produced  5.92  per  cent,  more  milk  with 
13  per  cent,  solids  and  5.78  per  cent,  more  solid  matter. 
The  amount  of  fat  increased  11.58  per  cent,  with  ration  a. 
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A  percentage  increase  of  1.23  per  cent,  in  the  per  cent,  of 

total  solids  was  noted,  and  a  percentage  increase  of  5.35 

per  cent,  in  the  per  cent,  of  total  &t  on  the  basis  of  13  per 

cent,  solids. 

It  is  quite  possible  that  the  high  percentage  of  fat  in  the 

Buffalo  gluten  feed  might  have  been  instrumental  in  causing 

part,  at  least,  of  the  increase  in  the  fat  percentage  of  the 

milk. 

Series  III.  a  and  6. 

In  this  series  the  amount  of  protein  fed  was  very  high. 
The  maximum  increase  in  the  fat  percentage  in  the  milk 
appears  to  have  been  reached,  for  4.32  pounds  of  protein 
did  not  seem  to  cause  any  increase  in  either  the  total  solids 
or  fat  of  the  milk.  Neither  is  any  increase  in  the  fat  per- 
centage to  be  noted  in  this  period  above  the  other  periods, 
when  8  pounds  of  digestible  protein  were  fed,  being  an 
indication  at  least  that,  other  things  being  equal,  more  than 
3  pounds  of  digestible  protein  daily  ceases  to  exert  any 
influence  on  the  increase  of  fat  in  the  milk.* 

The  increase  in  the  protein  supply,  however,  caused 
apparently  11.10  per  cent,  increase  in  the  total  yield  of 
milk. 

Concluding  Observations. 

This  experiment  has  some  weak  points,  but  it  is  believed 
they  are  not  of  such  a  serious  nature  as  to  interfere  with  its 
general  teaching. 

For  example,  the  temperature  of  the  stable  was  not  a  con- 
stant one,  not  being  artificially  heated.  Again,  the  cows 
were  divided  into  two  lots,  and  one  lot  produced  rather 
more  milk  daily  than  the  other,  but  the  difference  was  not 
excessive. 

The  milk  should  have  been  sampled  for  four  or  five  days 
at  least  in  every  seven,  instead  of  but  for  three  days. 

In  the  last  series  different  coarse  fodders  were  used  from 
those  fed  in  the  two  previous  ones.  The  last  series  was  of 
too  short  duration,  and  the  first  two  series  might  have  been 

•  In  this  series  cow  Hattie  was  substituted  for  Sarah.  This  cow  gave  milk  of 
essentiallj  the  same  fat  content  as  did  Sarah ;  still,  it  is  not  strictly  fair  to  compare 
one  series  with  another,  for  this  reason. 
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at  least  a  week  longer.  The  daily  supply  of  protein  in  each 
of  the  series  should  have  been  rather  more  regular  in  quan- 
tity, thus,  1.50,  2.00,  2.50,  3.00,  3.50  pounds,  etc.  Some 
rations  contained  more  fat  than  others,  which  should  have 
been  avoided,  for  one  cannot  with  certainty  say  that  this 
increase  in  the  fat  supply  of  the  food  did  not  have  an  influ- 
ence in  increasing  the  fat  in  the  milk. 

The  writer  would  of  course  draw  no  particular  conclusion 
from  this  one  experiment  as  to  the  effect  of  food,  or  any  one 
group  of  food  constituents,  upon  the  quality  of  the  milk. 
The  results  are  simply  presented  just  as  they  were  found, 
and  show  what  the  six  cows  did  in  this  particular  case. 

The  experiment  certainly  indicates  that  rations  so  put 
together  as  to  contain  2.5  to  3.5  pounds  of  digestible  protein 
can  be  fed  with  greater  profit  to  the  farmer  than  rations  con- 
taining 2  pounds. 

The  milk  was  principally  affected  in  the  first  series,  when 
the  change  from  1.5  to  3  pounds  of  digestible  protein  was 
made.  If  the  change  had  been  more  gradual,  it  is  possible 
that  but  little  change  in  the  milk  would  have  been  noted. 
It  would  have  been  interesting  to  note  what  the  effect  would 
have  been  on  the  milk  composition  if  at  the  end  of  the  three 
series  the  ration  containing  but  1.5  pounds  of  digestible 
protein  had  again  been  fed. 

This  experiment  coincides  with  many  previous  investiga- 
tions, only  in  our  case  the  cows  seemed  to  have  been  more 
generally  affected  by  the  different  rations  than  in  case  of 
Kuhn's  or  Wolff's  various  experiments. 
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Average  AncUytes  of  the  Variout  Artkiet  of  Fodder.* 


FoDDim  AxALTsat. 

i 

ll 

eq 

• 
• 

|l 

i 

i 
& 

QQ 

i 
1^ 

Jhy  Matter. 

Crude  aah,    . 

7.01 

0.94 

0.14 

7.81 

1.29 

7.82 

7.14 

4.68 

**    eellaloie,  . 

11.17 

8.18 

1.78 

8.14 

1.98 

28.09 

88.88 

83.80 

••     fat,     .       .       . 

&.80 

14.27 

4.80 

10.83 

4.90 

8.28 

1.60 

4.28 

••    protein,     .       . 

17.92 

28.46 

87.09 

48.84 

11.07 

14.42 

9.91 

8.31 

Nltrogen-free  extract  . 

68.01 

63.16 

68.44 

27.28 

80.78 

48.69 

47.98 

61.68 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

*  Bereral  lots  of  Bome  of  the  different  grains  were  purchased,  but  they  yarlod  so  Uttle  in 
oomposlUon  that  only  an  average  analysis  is  here  presented. 


Digestion  Coefficients. 


"1 ' 

ii 

fi 

• 

1  . 

1 

i 

r 

9^ 

|l 

1 

1 

1 

Crude  eellulose,  . 

26 

43 

- 

- 

77 

84 

87 

83 

-    lat,     .       .       . 

72 

81 

88 

97 

86 

48 

62 

80 

•«    protein,     . 

78 

86 

87 

88 

72 

82 

62 

63 

N]trogen.free  extract, . 

88 

81 

91 

84 

04 

88 

84 

88 

Fertilizing  Constittients. 
[Nitrogen  15  cents,  phosphoric  acid  5  cents,  potassinm  oxide  5  cents,  per  pound.] 


FBBTILIZBB  AlTALTSXS. 

13.00 

n 

9.00 

3    . 

• 
• 

1 

e 
6 

1 

j 

t 
1* 

Moistnro 

9.00 

8.00 

18.00 

12.00 

17.00 

79.00 

Nitrogen 

2.49 

8.42 

6.38 

7.18 

1.49 

2.08 

1.82 

0.21 

Phoepborie  add. 

2.48 

0.86 

0.42 

2.87 

0.70 

0.82 

0.06 

0.08 

Potassium  oxide, 

1.68 

0.08 

0.07 

1.70 

0.40 

1.83 

1.82 

0.41 

Valuation  per  2,000  pounds,     . 

(11  61 

$10  87 

$10  85 

$26  66 

$6  67 

$8  64 

$6  88 

$106 

Manurial  yalue  obtainable. 

9  21 

864 

13  32 

20  44 

4  48 

883 

488 

084 
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Dry-matter  Determinations  of  Foods  Fed. 


j 

1 

p 
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PQ 

P 
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\ 
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i 

Berie.    I.jJ; 

Cow.  1.  2.  8,  j 
CowB  4,  6»  6, 1 

85.68 

91.80 

- 
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82.61 

- 

82.85 

».87 

BTle.    I.jJ; 

Cow.  1,  2,  S.  \ 
Cow.  4.  6.  6, ! 

87.35 

91.80 

- 

98.20 

83.59 

- 

82.85 

20.87 

8Ti-ii.j«; 

Cow.  1,  2,  8. 1 
Cow.  4.  6,  6,  i 

86.80 

89.69 

- 

92.88 

84.14 

- 

82.85 

21.80 

Berie.n.|^; 

Cow.  1,  2,  8. ) 
Cow.  4,  5,  6,  \ 

86.80 

89.60 

- 

91.46 

83.94. 

82.85 

21.80 

Berle.ra.j«: 

Cow.  1,  2.  8,  1 
Cow.  4.  6,  6,  i 

8T.12 

89.50 

90.28 

91.90 

86.30 

88.00 

82.85 

- 

SerlMin.  j  *• 

Cow.  1,  2,  3  J 
Cow.  4,  6,  6,  i 

87.60 

89.00 

91.00 

92.80 

86.80 

88.00 

82.00 

- 

Dry  Matter  in  Refuse  left  in  Mangers, 


Fbbdiko  Pbbiods. 

Nettie. 

Mary. 

GFem. 

Sarah. 

Nora. 

Nellie. 

Berie.I.a 

23.00 

21.00 

50.00 

21.00 

22.00 

28.00 

Serie.I.ft 

19.00 

19.00 

38.00 

22.00 

21.00 

28.00 

8erle.n.  a, 

84.00 

25.00 

30.00 

25.00 

24.00 

ao.oo 

Serle.II.6 

31.00 

21.00 

39.00 

21.00 

26.00 

82.00 

S6rie.ni.a 

77.00 

79.00 

78.00 

88.00* 

80.00 

81.00 

Serie.m.6 

86.00 

85.00 

86.00 

68.00* 

72.00 

72.00 

*  Hattle,  new  cow. 


Average  Composition  of  the  Waste  (  Dry  Matter) . 

Per  Cent 

Grade  ash 5.10 

•*     cellulose 89.00 

"fat, 1.70 

"     protein, 6.70 

Nitrogen-free  extract, 47.50 

100.00 

The  waste  in  all  of  the  periods  was  of  the  same  character, 
viz.,  the  coarser  portion  of  the  corn  stalks  from  the  com 
stover  and  ensilage.     The  amount  left  by  each  of  the  cows 


1895.] 


PUBLIC  DOCUAIENT  — No.  33. 


77 


in  each  series  was  carefully  sampled  and  tested.  It  proved 
to  be  so  identical  in  composition  that  one  average  analysis  is 
given,  which  it  is  believed  will  fairly  represent  the  composi- 
tion of  the  whole. 


Local  Market  Cost  per  Ton  of  the  Various  Articles  of  Fodder, 

Wheat  bran, »19  00 

Buffalo  gluten  feed, 19  00 

Chicago  gluten  meal, 25  00 

Cotton-seed  meal, 26  00 

Com  meal, 19  00 

Rowen, 16  00 

Com  stover, 6  00 

Com  ensilage, .  2  50 


Temperature  of 

StaJ>le  (Fahr.). 

Date. 

Tempera- 
tare. 

Datb. 

Tempera- 
lure. 

BerlM  I. 

,Jan.     16,      .       .       . 

45 

Series  U.,  March   8,      .       .       . 

47 

17, 

42 

9, 

50 

18, 

88 

10. 

65 

19, 

44 

11. 

64 

80, 

42 

12, 

62 

21, 

41 

10. 

62 

22, 

46 

80, 

56 

28 

42 

81. 

50 

84 

46 

22. 

68 

85 

42 

38, 

48 

26, 

87 

24. 

45 

8T, 

40 

26, 

49 

28 

80 

26 

42 

80 

85 

27, 

42 

Feb.       6, 

S5 

28,      . 

41 

7. 

88 

29,      . 

46 

s; 

46 

80.      . 

45 

0, 

46 

81, 

47 

30, 

46 

April    1.      . 

47 

11. 

43 

Series  ni..  April   8, 

45 

12, 

86 

9, 

44 

13,       , 

84 

10. 

46 

14. 

84 

11. 

46 

IS 

87 

12. 

44 

16 

84 

18.      . 

48 

17 

30 

14, 

62 

18         , 

43 

15.      . 

66 

M, 

42 

16, 

66 

Beriasn. 

,Feb.    27, 

28, 

March   1, 

40 
41 
45 
47 
49 
49 
51 
57 

li 

29,      . 

69 
69 
58 
68 
60 
65 
64 
61 

7, 

66 

80,      .        . 

68 
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8.    CREAMERY  RECORD  OF  THE  STATION. 

1893-94. 

The  cost  of  feed  consumed  is  based  on  the  market  prices 
stated  below.  The  valuation  of  the  whole  milk  is  taken  at 
three  cents  per  quart. 

Local  Market  Cost  per  Ton  of  the  Various  Articles  of  Fodder. 

Wheat  bran, $19  00 

Buflfalo  gluten  feed, 30  00 

Peoria  gluten  feed, 20  00 

King  gluten  meal, 25  00 

Chicago  gluten  meal, 25  00 

Cotton-seed  meal, 26  00 

New-process  linseed  meal, 28  00 

Com  meal, 19  00 

Com  and  cob  meal, 18  00 

Mixed  grains, 22  00 

Hay, 15  00 

Rowen, 15  00 

Green  fodder  com, 2  50 

Com  stover, 5  00 

Com  ensilage, 2  50 

Soja-bean  hay, 15  00 

Vetch  and  oats  (dry), 15  00 

Barley  straw, 10  00 

Green  rye, 2  50 

Vetch  and  oats  (green), 2  50 

Hungarian  grass  (green), 2  50 

Buckwheat  (green),       .        .        .        *        .        .        .  2  50 

Mixed  green  crops, 2  50 

Potatoes, 2  50 
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FertUining  Conaituenls. 
[Nitrogen  15  cents,  phosphoric  ftdd  6  cents,  potassium  oxide  5  cents,  per  ponnd.] 


K 

1 

per  8,000 

FKRTIUZKR  AKA.LT8K8. 

1 

1 

J 

> 

Wheat  bran 

11.00 

2.48 

2.86 

1.63 

til  92 

Buffalo  gluten  feed, 
Peoria  ^uten  feed, 
King  gniten  meal. 

8.80 

8.78 

0.06 

0.10 

11  49 

8.60 

8.60 

0.06 

0.10 

10  66 

7.80 

6.69 

0.69 

0.08 

17  84 

Chicago  gluten  meal,    . 

8.60 

6.10 

0.42 

0.06 

16  77 

Cotton-seed  meal, . 

8.00 

6.47 

2.76 

1.98 

24  14 

New-process  linseed  meal,   . 

11.00 

6.83 

1.96 

1.08 

20  62 

Com  meal, 

16.00 

1.49 

0.70 

0.40 

6  67 

Com  and  cob  meal, 

23.00 

1.23 

0.70 

0.40 

4  79 

Mixed  grains,        .        .        .        . 

12.00 

3.60 

1.30 

1.00 

12  80 

Hay, 

16.00 

1.47 

0.27 

1.60 

6  18 

Rowen, 

12.00 

1.72 

0.47 

1.63 

7  26 

Green  fodder  com, 

80.00 

0.19 

0.16 

0.33 

1  06 

Com  stover, 

17.00 

1.32 

0.06 

1.82 

6  83 

Com  ensilage,       .        .        .        . 

79.00 

0.21 

0.03 

0.41 

1  05 

Soja-bean  hay,       .        .        .        . 

16.00 

2.00 

0.60 

1.24 

7  74 

Vetch  and  oats  (dry),    . 

17.00 

1.81 

0.60 

1.24 

7  17 

Barley  straw,        .        .        .        . 

13.00 

0.86 

0.12 

2.60 

6  30 

Green  rye, 

72.00 

0.30 

0.12 

0.64 

1  66 

Vetch  and  oats  (green). 

76.00 

0.44 

0.13 

0.42 

1  87 

Hungarian  grass  (partly  dry),     . 

60.00 

0.60 

0.24 

0.80 

2  84 

Buckwheat  (green),     . 

86.00 

0.44 

0.09 

0.64 

1  96 

Mixed  green  crops, 

80.00 

0.43 

0.16 

0.36 

1  79 

Potatoes, 

80.00 

0.33 

0.13 

0.69 

1  71 

Fertilizing  Constituents  of  Cream. 

[Average  analysis.] 

Per  Cent 

Moisture  at  lOO*' C. 72.00-74.00 

Nitrogen  (15  cents  per  pound), 0.64 

Phosphoric  acid  (6  cents  per  pound), 0.17 

Pota9sium  oxide  (6  cents  per  pound),         .  .        .  0.13 

The  monthly  value  placed  upon  the  cream  is  the  price  paid 
for  the  same  by  the  local  creamery.  The  financial  statement 
is  based  on  the  local  cost  of  feed,  and  does  not  take  into  con- 
sideration interest  on  investment  or  cost  of  labor  involved. 
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The  results  here  presented  are  stated  under  the  following 
separate  headings :  — 

1.  Statement  of  articles  of  fodder  used. 

2.  Value  of  cream  at  creamery  basis  of  valuation. 

8.     Cost  of  skim-milk  on  the  basis  of  three  cents  per  quart  for 
whole  milk. 

4.  Analyses  of  milk  and  cream. 

5.  What  the  creamery  records  show* 
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2.     Value  of  Cream  at  Creaxert  Basis  op  Valcatiom. 


p 

Total  Value  of  FertU- 
Izing  Constituenta 
of  Food  consumed. 

Value  of  FerUlizlng 
Constituents   lost 
In  Cream. 

Net    Cost  of  Feed 
for  Production  of 
Cream. 

1 

S  S 

ISOS 

Januaiy,  . 

(30  41 

f22  81 

to  67 

tl2  83 

t41  69 

February, 

32  44 

20  05 

80 

17  20 

49  39 

March,  . 

35  07 

24  91 

91 

16  05 

56  32 

April,   .   . 

33  69 

25  42 

70 

13  95 

41  24 

May,    .    . 

40  29 

27  98 

70 

18  61 

38  95 

June, 

38  27 

28  48 

62 

16  11 

32  80 

Jnly, 

36  81 

26  34 

61 

16  85 

31  57 

August,  . 

40  81 

26  74 

60 

19  52 

31  82 

September, 

33  61 

18  99 

55 

18  97 

32  88 

October,  . 

41  67 

28  68 

61 

19  24 

36  32 

November, 

40  10 

30  93 

55 

15  91 

32  72 

December, 

39  56 

26  75 

51 

18  67 

30  76 

Averages, 

$36  84 

f  25  67 

$0  65 

tl6  95 

t38  00 

ISM 

January,  . 

t31  43 

»17  65 

$0  70 

tl8  01 

t36  97 

February, 

28  08 

16  33 

60 

15  62 

81  35 

March,  . 

31  21 

19  39 

66 

16  36 

33  47 

April,   .  '  . 

33  90 

23  31 

61 

15  86 

28  56 

May, 

29  72 

21  91 

64 

12  83 

27  55 

June, 

38  47 

22  06 

59 

21  41 

24  92 

July,    . 

36  44 

22  32 

50 

19  08 

22  25 

August,  . 

40  49 

21  12 

62 

24  21 

30  28 

September, 

29  42 

16  71 

47 

16  52 

25  29 

October,  . 

29  16 

21  29 

46 

12  59 

25  92 

Averages, 

td2  83 

•20  21 

to  59 

tl7  25 

t28  66 
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3.    Cost  or  Skik-hilk  on  the  Basis  of  Thbeb  Cents  per 
QuABT  FOB  Whole  Mile. 


1 

M 

s 

l1 

1 

|2 

P. 

1 

J 

JM 
QQ 

1 

i 

> 

1 

1 

Co>t  of  Skim  milk  per 
Quart  (Whole  Milk 
at  Three  Centa  per 
Quart). 

1 

I. 

11 

18M. 

Janaary,      . 

1,025.2 

981.0 

288.6 

1,330.5 

4.25 

2.67 

$4100 

0.58 

$7  00 

February,    . 

2,007.4 

1,170.0 

846.9 

1,661.6 

4.20 

2.46 

49  39 

0.66 

10  88 

March,.       . 

2,882.6 

1,341.0 

894.4 

1,938.1 

4.20 

2.41 

60  82 

0.70 

13  66 

April,  .       . 

2,008.7 

1,031.0 

303.2 

1,705.6 

4.00 

8.05 

41  24 

1.11 

19  02 

May,     .       . 

1,097.0 

1,026.0 

801.5 

1,696.1 

8.80 

1.98 

88  95 

1.24 

80  97 

June,    . 

1,868.0 

911.0 

207.9 

1.400.7 

3.00 

1.90 

82  80 

1.28 

17  26 

July,    .       . 

1,082.2 

902.0 

266.8 

1,806.9 

8.50 

1.98 

8167 

1.16 

17  39 

Aagnat,        . 

1,748.0 

870.0 

268.9 

1.495.0 

8.60 

1.01 

31  82 

1.41 

80  99 

September,  . 

1,006.0 

822.0 

241.8 

1.863.8 

4.00 

2.04 

82  88 

1.12 

15  28 

October,       . 

1,811.3 

908.0 

267.1 

1.644.2 

4.  GO 

2.01 

86  82 

1.17 

18  02 

November,  . 

1,004.8 

818.0 

840.6 

1,464.2 

4.00 

1.93 

32  72 

1.25 

18  12 

December,   . 

1,020.8 

709.0 

226.2 

1.400.1 

4.00 

1.89 

80  76 

1.29 

18  03 

Averages, . 

1,812.8 

902.8 

283.4 

1.629.4 

8.98 

2.07 

$88  00 

1.07 

$16  89 

18M. 

Janaary, 

1,870.6 

973.0 

286.2 

1,608.8 

3.80 

1.97 

$86  97 

1.22 

$19  42 

February,     . 

1,509.8 

880.0 

263.8 

1,315.6 

8.75 

2.00 

8136 

1.20 

16  78 

March, .       . 

1,887.9 

917.0 

289.7 

1.388.2 

8.66 

2.04 

38  47 

1.15 

16  67 

AprU,   .       . 

1,089.2 

850.0 

250.0 

1.389.2 

3.36 

1.74 

28  66 

1.48 

20  02 

May,     .       . 

1,908.0 

889.0 

261.5 

1,041.6 

3.10 

1.46 

87  55 

1.77 

39  64 

June,    . 

1,906.1 

817.0 

240.3 

1,064.8 

3.05 

1.31 

24  92 

1.94 

32  23 

July,     .       . 

1,083.6 

704.0 

207.1 

1,476.4 

8.10 

1.32 

22  25 

1.91 

28  26 

Auguit, 

1,033.3 

865.0 

254.4 

1,378.9 

3.60 

1.85 

80  28 

1.35 

18  72 

September,  . 

1,593.7 

667.0 

198.2 

1,400.5 

8.85 

1.59 

25  29 

1.68 

22  52 

October,       . 

1,480.0 

648.0 

190.6 

1.289.4 

4.00 

1.76 

25  92 

1.43 

18  48 

Averagea, . 

!.««.. 

815.6 

240.7 

1.451.8 

,... 

1.70 

$28  66 

1.51 

$22  12 
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4.    Analyses  of  Milk  and  Cbeam. 

The  station  herd  consisted  of  six  cows  of  various  grades, 
purchased  in  the  vicinity »  and  are  &ir  representatives  of  the 
cows  kept  by  average  &rmers  of  this  section.  Here  follows 
the  monthly  average  of  the  composition  of  the  milk. 

As  some  of  the  cows  were  replaced  by  others  during  the 
year,  no  particular  conclusions  can  be  drawn  relative  to  the 
difference  in  the  solids  and  fat  percentages. 


Total  SoUds. 


Fat 


January, 
Februaiy, 
March,    . 
April,     . 
May,       . 
June, 
July,       . 
August,  . 
September, 
October, 


13.49 
18.65 
13.71 
18.76 
13.49 
13.36 
13.48 


13.85 


4.'33 
4.17 
4.66 
4.47 
8.98 
4.12 
4.44 

8.87* 
4.47 


*  Cows  not  in  good  condition ;  fat  percentage  noticeably  afibcted. 

Composition  of  Cream. 
The  station  cream,  obtained  by  the  Cooley  process,  when 
properly  treated  and  the  skim-milk  carefully  drawn,  contains 
about  18.50  per  cent,  of  &t. 

5.    What  the  Creamery  Record  Shows. 

1.  The  nutritive  ratio  of  the  feed  varied  in  1898  from 
1 :  3.50  to  1 :  5.00,  with  an  average  of  1 :  4.38 ;  in  1894 
from  1 :  4.50  to  1 :  5.50,  with  an  average  of  1 :  5.00. 

2.  The  average  monthly  percentage  of  fat  in  the  milk 
varied  in  1893  from  4.37  to  4.84,  with  an  average  of  4.59 ; 
in  1894  from  3.87  to  4.47,  with  an  average  of  4.27. 
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3.  The  average  monthly  percentage  of  total  solids  varied 
m  1893  from  13.64  to  14.01,  with  an  average  of  13.84;  in 
1894  from  13.36  to  13.85,  with  an  average  of  13.60. 

4.  The  relation  of  &t  to  solids  not  fat  in  1893  was 
1 :  2.02,  while  in  1894  it  was  1 :  2.18. 

5.  The  total  cost  of  feed  for  one  quart  of  cream  amounted 
in  1893  to  13.00  cents  and  in  1894  to  13.64  cents. 

6.  The  net  cost  of  feed  for  one  quart  of  cream  amounted 
in  1893  to  5.98  cents  and  in  1894  to  7.17  cents. 

7.  The  value  received  for  one  space  of  cream  varied  in 
1893  from  3.50  to  4.25  cents,  with  an  average  of  3.93  cents ; 
in  1894  from  3.10  to  4.00  cents,  with  an  average  of  3.52 
cents,  which  amounted  per  quart  (average)  in  1893  to  13.36 
cents,  and  in  1894  to  11.97  cents. 

8.  The  number  of  quarts  of  milk  required  to  produce  one 
space  of  cream  in  1893  was  1.88  and  in  1894  2.08 ;  or  6.39 
quarts  of  whole  milk  to  produce  one  quart  of  cream  in  1893, 
and  7.07  quarts  of  whole  milk  to  produce  one  quart  of  cream 
in  1894. 

9.  The  net  cost  of  feed  per  quart  of  cream  averaged  in 
1893  5.98  cents  and  in  1894  7.17  cents.  Beceived  per 
quart  of  cream  in  1893  13.36  cents  and  in  1894  11.97  cents, 
thereby  securing  a  profit  of  7.38  cents  per  quart  in  1893 
and  4.80  cents  in  1894. 

Our  average  statements  for  the  current  year  apply  in  each 
case  to  only  ten  months,  due  to  the  fact  that  the  financial 
settlement  is  made  with  our  local  creamery  two  months  after 
the  cream  is  furnished. 


88  AGRICULTURAL  EXPERIMENT  STATION.  [Jan. 


IV. 

HAY  SUBSTITUTES. 


Br  J.  B.  LiNDSEY. 


Vetch  and  Oats  and  Peas  and  Oats. 

The  many  experiments  made  at  this  station  have  pointed 
out  the  costliness  of  English  hay  as  a  coarse  fodder  for  milk 
production,  and  the  substitution  of  other  coarse  fodders  in  it^ 
place.  Among  those  fodders  with  which  good  success  has  been 
obtained  may  be  mentioned  vetch  and  oats  and  peas  and  oats. 
These  fodders  have  given  quite  satisfactory  results,  both  when 
fed  green  and  when  made  into  hay. 

The  results  of  two  experiments  may  be  cited.  In  one  case 
rowen  and  hay  of  peas  and  oats  were  compared,  and  in 
another  good  English  hay  and  hay  of  vetch  and  oats.  The 
grain  fed  was  constant  in  each  case  during  the  entire  experi- 
ment. 

I. 


[Rowen  va.  hay  of  peas  and  oats.    Snmmer  of  1893.    Average  results  from  fonr 
cows.    Length  of  rowen  period,  9  days ;  peas  and  oats  period,  14  days.] 

1          Rowen. 

1 

Peas  and  Oats. 

Average  daily  yield  of  milk, 
Average  cost  per  quart, 

9.33  qts. 
2.47  cts. 

9.30  qts. 
2.35  cts. 

n. 

[English  hay  vs.  hay  of  vetch  and  oats.    Antnmn  of  1894.    Average  resnlts  from 
six  cows.    Length  of  English  hay  period,  12  days ;  vetch  and  oats  period,  34  days.] 


English  Hay. 


Vetch  and  Oats. 


Average  daily  yield  of  milk, 
Average  cost  of  milk  per  quart, 


10.22  qts. 
2.25  cts. 


9.43  qts. 
2.35  cts. 
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In  case  of  I.  the  yield  and  cost  of  milk  are  practically 
identical,  while  in  11.  the  hay  has  slightly  the  advantage. 
This  is,  however,  largely  offset  when  it  is  noted  (see  sum- 
mary above)  that  the  vetch  and  oats  period  was  four  times 
as  long  as  the  hay  period;  cows  would  naturally  shrink 
somewhat  in  their  yield  during  this  time.  The  cows  gained 
in  flesh  during  the  vetch  and  oats  period. 


Yield  per  Acre  of  Vetch  and  Oats. 

We  have  succeeded  in  raising  on  an  average  about  three 
tons  of  hay  per  acre.  It  begins  to  bloom  between  th(B  25th 
of  June  and  the  10th  of  July,  depending  of  course  on  the 
season.  It  can  be  fed  as  a  green  fodder  for  some  ten  days, 
and  the  remainder  made  into  hay,  or  it  can  be  cut  directly. 

Several  lots  of  seed  can  be  sown  some  ten  days  apart  in 
the  spring,  and  green  fodder  thus  secured  for  nearly  a  month. 

After  cutting  the  vetch  and  oats  the  land  can  be  ploughed 
and  planted  to  a  second  fodder  crop.  We  followed  vetch 
and  oats  this  year  with  Hungarian  grass,  and  in  spite  of  the 
•extremely  dry  season  succeeded  in  getting  one  ton  per  acre 
of  Hungarian  hay.  Had  there  been  a  fair  amount  of  rainfall, 
this  yield  would  certainly  have  been  doubled.  By  this 
method  four  tons  of  hay  per  acre  of  an  equal  value  with 
good  English  hay  were  secured.  The  land  was  manured  with 
ten  tons  of  barn-yard  manure  in  the  spring,  and  received  no 
other  fertilizer  during  the  season.  In  place  of  the  manure 
six  hundred  pounds  of  ground  bone  with  two  hundred  pounds 
of  muriate  of  potash  would  have  answered  the  same  purpose. 

Seed  per  Acre. 

It  has  been  found  that  four  bushels  of  oats  and  fifty  pounds 
of  vetch  are  about  the  right  quantities  and  proportion  for  one 
acre.  Both  seeds  are  sown  at  the  same  time,  and  harrowed 
.in.     In  our  case  an  Acme  harrow  was  used. 
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Compotition  of  English  Hay  and  Vetch  and  OaU  compared. 


Dry  Matter. 

EliisUcb  Hay> 

Vetch  and  Oata. 

Grade  ash, 

6.58 

10.65 

"    cellulose, 

80.33 

85.95 

"fat, 

8.48 

2.61 

"    protein,        ...... 

11.10 

18.42 

Nitrogen-firee  extract, 

48.51 

87.37 

100.00 

100.00 

Digestibility. 

The  percentages  of  digestibility  of  the  different  ingredi- 
ents in  each  of  the  above  hays  are  the  results  of  actual 
estimations  at  this  station. 


Coefficients  of  DigestibaUy. 

EngUsh  Hay. 

Vetch  and  Oats. 

Grade  cellulose, 

"    fat 

"    protein, 

IJitrogen-free  extract, 

60 
49 
60 
60 

66 
19 
58 
54 

Pounds  of  Digestible  Matter  in  2fi00  Pounds  of  the  Perfecdy 

Dry  Hays. 

EngUsh  hay, 1,113 

Vetch  and  oats, 1,043 

It  will  thus  be  seen  that  the  vetch  and  oats  furnish  very 
nearly  as  much  digestible  matter  in  a  ton  as  an  extra  quality 
of  hay.  The  digestible  protein  in  the  vetch  and  oats  is  fiilly 
one  per  cent,  higher  than  in  the  hay. 
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The  hay  grown  upon  the  station  grounds  is  of  extra 
quality,  having  a  considerable  sprinkling  of  clover,  and 
showing  at  best  two  per  cent,  more  protein  than  the  average 
hay  grown  upon  New  England  fiinns. 

Vetch  and  oats  has  the  advantage  over  peas  and  oats  in 
that  the  vetch  stands  up  much  better,  and  can  be  easily  cut 
with  a  mowing  machine.  To  secure  the  best  results,  the 
crops  should  be  cut  when  in  early  to  middle  bloom.  If  cut 
when  in  late  bloom  the  oats  will  have  developed  a  consider- 
able amount  of  woody  fibre,  rendering  them  less  palatable 
and  digestible. 
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V. 


THE  BABCOCK  vs.  THE  *' SPACE"  SYSTEM,  AS 
A  BASIS  FOR  PAYMENT  IN  MASSACHUSETTS 
CREAMERIES. 


By  J.  B.  LiKDSEY. 


By  the  Babcock  system  is  meant  the  weighing  of  each 
patron's  daily  cream,  raised  or  separated  by  whatever  proc- 
ess, taking  a  fair  sample  of  it,  with  a  suitable  sampler, 
preserving  the  daily  samples,  and  once  in  ten  days  to  two 
weeks  testing  this  average  sample  for  the  percentage  of 
butter  fat  by  means  of  the  Babcock  tester.  The  percentage 
of  butter  fat  found,  multiplied  by  the  pounds  of  cream, 
gives  the  pounds  of  butter  fat  actually  in  the  cream. 

The  directors  of  the  creamery,  having  a  certain  sum  of 
money  to  divide,  and  knowing  the  total  number  of  pounds 
of  butter  fat  collected,  divide  the  former  amount  by  the 
latter;  the  quotient  resulting  represents  the  price  per  pound 
to  be  paid  for  the  butter  fat.  The  value  of  a  pound  of 
butter  fet  for  the  month  having  been  in  this  way  deter- 
mined, is  multiplied  by  the  pounds  of  butter  fat  furnished 
by  the  patron,  and  the  product  represents  the  money  he  is 
entitled  to  each  month  for  his  cream.  By  this  method  the 
value  of  the  cream  is  based  entirely  upon  its  content  of 
butter  fat. 

The  space  system  is  £a,miliar  to  all.  The  milk  in  deep- 
setting  cans  is  submerged  in  ice  water,  and  after  a  certain 
time  the  number  of  spaces  of  cream  on  each  can  is  read  by 
means  of  a  strip  of  graduated  glass  set  in  the  side  of  the 
can.  A  **  space"  is  a  circular  volume  of  cream,  J|  of  an 
inch  thick,  and  8^  inches  in  diameter.  It  is  assumed  by 
those  who  favor  this  system  that  a  space  of  cream  has  com- 
paratively the  same  value,  no  matter  from  what  milk  it  is 
raised.     A  given  quantity  of  poor  milk  may  furnish  fewer 
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spaces  than  the  same  quantity  of  rich  milk,  it  is  argued,  but 
the  quality  of  the  space  would  be  equally  as  valuable  for 
butter  purposes. 

The  Babcock  test  as  a  basis  for  payment  is  used  almost 
exclusively  in  the  West.  According  to  Professor  Jordan,* 
the  larger  number  of  Maine  creameries  are  using  this  system. 
In  Vermont  a  very  large  portion  of  the  milk  and  cream  sold 
is  paid  for  on  the  basis  of  butter  fat  it  contains.  In  Con- 
necticut the  creameries  are  gradually  adopting  the  Babcock 
system,  and  the  writer  has  heard  of  several  Massachusetts 
creameries  employing  it.  Many  inquiries  have  been  made 
during  the  past  year  as  to  the  comparative  merits  of  the 
Babcock  and  the  **  space  "  systems,  and  the  writer  thought  it 
advisable,  therefore,  to  make  an  investigation,  and  to  pre- 
sent the  results  obtained  as  an  object  lesson  to  those  inter- 
ested in  this  all-important  brancJti  of  &rm  industry.  Such 
an  investigation  had  already  been  made  by  the  Connecticut 
Experiment  Station,  and  the  results  published  in  Bulletin 
119.  That  station  has  recommended  the  Babcock  system 
for  general  use  in  Connecticut  creameries. 


The  Investigation. 
The  Cream  collected  and  tested  for  Butter  Fat. 

The  writer  personally  accompanied  the  cream  gatherers  of 
a  large  creamery  in  this  locality,  and  took  as  fair  a  sample  a& 
possible  of  the  cream  of  one  hundred  and  sixty-five  different 
patrons,  by  means  of  a  small  glass  rod  iiin  into  the  mixed 
cream  after  the  milk  had  been  drawn,  care  being  taken  to 
draw  off  the  milk  as  thoroughly  as  possible  in  each  case. 
The  sample  of  cream  was  run  into  small  numbered  glass 
bottles,  and  tested  for  butter  fat  by  the  Babcock  method  on 
the  same  day.  The  weight  of  the  cream  was  also  noted,  as 
well  as  the  number  of  spaces,  and  the  temperature  of  the 
water  in  the  tank.  The  result  of  this  inquiry  is  presented 
in  Table  I. :  — 

♦  See  report  of  Prof.  W.  H.  Jordan's  lecture  before  Connecticat  farmers  in  **  New 
England  Homestead/'  Feb.  15, 1894. 
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Table  I.  —  Continued. 
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Table  I.  —  Contimted, 
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$0  64 

$0  46 

-.$5  40 

102 

61 

87.0 

19.60 

7.25 

14.22 

1  66 

1  60 

+    00 

163 

66 

44.6 

16.70 

6.08 

12.70 

1  68 

163 

-4  60 

IM 

66 

46.6 

18.00 

8.87 

15.22 

168 

183 

+4  60 

165 

87 

28.6 

18.80 

6.86 

14.48 

1  18 

1  17 

-fl20 

6,669 

- 

- 

790.77 

- 

$172  61 

$172  60 

- 

Comments  on  Table  I. 

Column  1  represents  the  number  of  each  patron ;  column 
2,  the  number  of  spaces;  column  3,  the  pounds  of  creamy 
cohimn  4,  the  per  cent,  of  fat  in  cream ;  column  5,  the  pounds 
of  fat  actually  furnished  by  each  patron  in  one  day's  cream. 
Column  6,  showing  the  pounds  of  butter  fat  in  100  spaces 
of  each  patron's  cream,  is  calculated  for  the  sake  of  compari- 
son. Column  7  represents  the  value  of  the  cream  at  the 
price  per  space  paid  by  the  creamery  at  the  time.  Column 
8  shows  the  value  of  the  cream  by  Babcock  test,  on  the  basis 
of  21.83  cents  per  pound  of  butter  fat.  This  value  per 
pound  of  fat  was  determined  by  taking  the  value  of  the 
cream  as  represented  by  the  space  system,  and  dividing  it 
by  the  number  of  pounds  of  butter  fat  actually  found  in  the 
cream.  The  quotient  sho'wed  the  price  per  pound  of  butter 
fat.  Column  9  shows  whether  payment  by  the  Babcock  test 
w^ould  be  more  or  less  than  by  the  space  system  for  thii1;y 
days. 

It  will  be  seen  that  the  percentage  of  fat  in  the  cream 
varies  very  much.     The  extremes  are  11  and  22  per  cent. 

The  pounds  of  butter  fat  in  100  spaces  of  each  patron's 
cream  differ  also  widely,  the  extreme  being  8.90  pounds 
and  17.63  pounds. 
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Attention  is  also  called  to  the  last  column,  which  makes 
emphatic  that  by  the  Babcock  system  those  patrons  furnish- 
ing the  better  to  best  qualities  of  cream  would  be  paid  more, 
and  those  furnishing  the  poorer  qualities  would  be  paid  less, 
than  by  the  present  system. 

Summary  of  Table  /.,  showing  Butter  Equivalent  from  100  Spa/xs 
of  Ghraded  Cream  j  and  Value  of  Same. 


Pounds  of  Batter  Fat  from  100 
Bpacea  of  Cream. 


Number 
of  PatroDi. 


Per  CeDt.  of 
Patrooa. 


Bquivaleafc 
to  Butter. 

Poanda. 


Valae  of  Bat- 
ter at 
86CeBta 
per  Poaod. 


8-12, 
13-13, 
18-14, 
14-U, 
16-16, 
16-18, 


10 
28 
62 
41 
30 
9 


6.1 
14.0 
81.6 
24.0 
18.2 

6.6 


18.42* 

14.68 

16.76 

16.02 

18.08 

10.88 


$8  85 
864 

804 
428 
462 
406 


*  Figured  od  the  baaU  of  11.6  pounds  of  butter  fat. 

This  summary  gives  us  at  least  a  comparative  idea  of  the 
different  qualities  of  cream  furnished,  and  their  approximate 
values  in  butter.  It  brings  out  the  variations  in  a  very 
striking  manner,  and  needs  no  further  explanation. 


Is  the  Weight  of  the  *' Space"  Constant  f 
In  order  to  show  the  variations,  the  wetght  per  space  of 
the  cream  collected  from  thirty-six  different  patrons  on  two 
consecutive  days  is  given  in  Table  II.  Beginning  from  the 
left,  each  fraction  of  a  pound  shows  the  weight  of  a  space  of 
each  patron's  cream. 

Table  n. 
First  Day. 


1 

& 

1 
1 

& 

• 

1 
1 

y 

i 

1 

Patrona       1-0,     .... 

.718 

.048 

.682 

.786 

.802 

.888 

.662 

.606 

.714 

••       10-18 

.840 

.760 

.768 

.760 

.706 

.686 

.776 

.704 

.768 

••       10-27 

.766 

.743 

.786 

.788 

.800 

.716 

- 

.720 

.778 

••       28-86,    .... 

.800 

.071 

.876 

.726 

.786 

.766 

.863 

.702 

.700 

Ayetmge  weight  of  a  space, 


.760  pounds. 
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Tablb  n.  —  Concluded. 
Second  Day. 


1 

1 

1 
1 

1 

j 

1 

1 

1 

1 

1 

Patrons      1-0,     .... 

.741 

.756 

.760 

.772 

.781 

.830 

.718 

.760 

.768 

••       10-18,     •       .       .       . 

.850 

.770 

.760 

.876 

.791 

.788 

.747 

.784 

.708 

"       19-27,    .... 

.760 

.766 

.706 

.746 

.818 

.702 

.822 

.748 

.786 

«•       28-36,     .... 

.766 

1.020 

.887 

.760 

.786 

.802 

.860 

.818 

.606 

Average  -weight  of  a  spaoe, 766  pounds. 


Oomments  on  Table  11. 

Having  noted  in  Table  I.  the  data,  showing  the  wide  dif- 
ferences existing  in  the  composition  of  the  space  as  furnished 
by  different  patrons,  one  has  only  to  examine  Table  II.  to 
note  equally  as  wide  differences  in  the  weight  of  the  space. 
One  could  not  fail  to  note  these  differences  when  weighing 
the  different  lots  of  cream,  twenty-five  spaces  from  one 
patron  often  showing  a  different  weight  from  a  like  amount 
furnished  by  another. 

Is  the  Bahcock  test  reliable  f 

Can  a  pound  of  butter  always  be  made  from  the  same 
number  of  spaces  ? 

In  order  to  illustrate  these  points,  the  cream  of  three 
patrons  was  churned  separately.  No.  I  was  a  poor  cream. 
No.  2  a  good  cream  and  No.  3  a  cream  of  fair  quality.  The 
cream  was  weighed,  the  number  of  spaces  noted,  as  well  as 
the  per  cent,  of  butter  fat  it  contained.  The  butter  pro- 
duced from  each  cream  was  also  weighed,  as  well  as  the 
buttermilk,  and  tested  for  the  per  cent,  of  butter  fat.  The 
per  cent,  of  water  in  each  of  the  different  samples  of  butter 
was  also  determined. 


102  AGRICULTURAL  EXPERIMENT  STATION.  [Jan. 


Table  UI.  —  Shomng  BesuUa  of  the  Tut. 


1 

! 

I 

a 
I 

hi 

I 

a 

I 

1 

1 

If 

NUXBBB. 

o 

1'^ 

o 

is. 

If 

•5 

W3 

«4 

o   . 

1 

li 

iS 

r 

3r5 

l^ 

r 

§a 

1 

i' 

g^ 

1 

17 

14 

12.0 

1.88 

2.60*  61.45  1  1.53 

n.» '  0.14 

l.«7 

% 

25 

17.5 

20.4 

8.57 

4.50 

78.78 

8.45 

u.o  1  o.o» 

8  50 

8, 

25 

19.5 

17.0 

8.82 

4.25 

75.80 

3.20 

ta.t :  o.ot 

8.28 

*  Not  Mlted,  bat  eqaal  to  about  2.60  poundi  laltod  butter. 

The  above  table  shows  the  reliability  of  the  Babcock  test. 
Please  notice  that  in  the  cream  churned  there  were  1.68,  3.57 
and  3.32  pounds  of  butter  fat  respectively,  and  we  accounted 
for  by  means  of  this  test  1.67  pounds,  3.50  pounds  and  3.23 
pounds.  In  the  process  of  manipulation  small  fractions  are 
of  course  lost ;  the  results,  however,  tally  very  closely,  and 
as  near  as  one  could  expect  or  ask  for. 


Composition  of  the  Butter 

• 

No.  !.• 

No  2. 

No.  8. 

Water, 

81.85 

13.61 

17.80 

Fat,     . 

. 

58.48 

76.73 

76.80 

Salt  and  curd,     . 

9.67 

9.67 

6.90 

*  Calculated  on  salt  and  cnrd  basis  of  No.  2 ;  this  butter  was  not  salted. 


Attention  is  called  to  the  very  large  amount  of  water  in 
No.  1,  and  the  consequent  low  percentage  of  butter  fat.  The 
butter  maker  reported  that  it  was  impossible  to  work  out 
more  water.  The  butter  had  a  very  inferior  appearance. 
Numbers  2  and  3  looked  well. 
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Spaces  to  the  Pound, 
(a)  Butter  Maker's  ReporL 


I. 

II. 

III. 

Spaces  per  pound  salted,   . 

6.41 

5.65 

5.88 

(6)  On  the  Basis  of  Same  Amount  of  WaUr  as  found  in  No,  IL 

Spaces  per  pound  salted,   .        .        .|      8.29 

5.55 

6.19 

These  reaults  make  very  clear  that,  other  things  being 
equal,  the  number  of  spaces  required  to  make  a  pound  of 
butter  of  like  water  content  depends  entirely  upon  the 
amount  of  butter  fat  in  the  cream ;  and  it  is  very  strange 
that  farmers  will  be  so  blind  to  their  own  interest  as 
to  fail  to  recognize  this  fact.  Cream  will  make  butter  in 
proportion  to  the  amount  of  butter  fat  it  contains. 


Conclusions. 

The  results  obtained  fully  confirm  the  investigations  made 
along  this  line  elsewhere. 

They  show  conclusively  that  the  space  of  cream  is  of  very 
variable  composition,  and  is  not  a  true  measure  of  the  value 
of  cream  for  butter  purposes.  The  value  of  cream  for  butter, 
other  things  being  equal,  depends  entirely  upon  the  amount 
of  butter  fat  it  contains.  The  number  of  spaces  of  cream 
required  to  make  a  pound  of  butter  depends  also  upon  the 
butter  fat  content  of  the  cream. 

The  Babcock  test  is  perfectly  reliable,  and  this  system 
can  be  applied  practically  to  determine  the  value  of  cream 
raised  by  the  deei)-setting  process. 
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VI. 
I.     FIFTH  FEEDING  EXPERIMENT  WITH  STEERS. 


By  J.  B.  LiNDSET. 


1893^94. 

General  Description. 

The  experiment  here  described  is  a  continuation  of  those 
published  in  our  previous  reports. 

Three  grade  Durham  steers,  yearlings,  weighing  about 
600  pounds  each,  were  used  in  the  experiment.  They  were 
quite  thin  when  first  received,  and  cost  3  69  cents  per  pound 
live  weight. 

The  coarse  foods  fed  were  raised  upon  the  station 
grounds,  and  consisted  principally  of  corn  ensilage,  corn 
stover,  vetch  and  oats  and  a  variety  of  green  crops  with 
some  root8.  The  corn  for  ensilage  was  cut  just  as  the 
kernels  were  glazing.  The  corn  stover  was  the  com  plant 
remaining  after  the  fully  matured  ears  had  been  removed. 
The  grains  fed  were  wheat  bran,  Buffalo  gluten  feed,  new- 
process  linseed  meal,  corn  and  cob  meal,  cotton-seed  meal 
and  oat  feed.  The  quantity  of  coarse  fodders  fed  depended 
in  all  cases  upon  the  individual  appetite  of  the  animals 

The  animals  were  fed  and  watered  twice  each  day,  be- 
tween six  and  seven  o'clock  in  the  morning  and  at  five  in 
the  afternoon,  one-half  of  the  food  being  given  at  each  time. 
About  one  ounce  of  salt  was  added  to  the  grain  feed  daily. 
Whenever  the  weather  permitted,  the  steers  were  allowed 
the  use  of  the  barn-yard  for  at  least  one-half  a  day.  They 
were  kept  well  carded. 

The  weights  of  the  animals  were  taken  weekly,  before 
being  watered  in  the  morning. 
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The  Reasons  for  the  Experiment. 

I^  To  note  the  effect  of  distinct  fodder  rations  upon  the 
production  of  live  weight. 

II.  To  secure  facts  relating  to  the  actual  cost  of  beef 
production  in  Massachusetts  under  existing  local  conditions. 

m.  To  compare  the  relative  merits  and  cost  of  pasture 
vs.  soiling  during  the  summer  season. 

I.     Efpecjt   op    Distinct    Fodder    Rations    upon    the 
Production  of  Live  Weight. 

Average  Composition  of  the  Daily  Fodder  RaJ^ions  (1893-94}, 


II. 


May  16  to  June  8  m 

Bnflklo  gintea  feed,         .       .  3  00  lbs. 

New-process  linseed  meal,      .  2  00   J* 

Soja-oean  and  com  ensilage,  .  39  38    ^< 

Natritlve  ratio,        .       .       .  1 : 6.!)1 

Total  cost 10  86  cts. 

Manorial  valne  obtainable,     .  6  99   « 

Net  cost 3.87   *' 


June  21  to  July  4. 

Buffalo  gluten  feed,       .        .  3  00  lbs. 

New-process  linseed  meal,  .  2.00   *< 

Rowen, 1400   " 

Nutritive  ratio,       .       .       .  1:4.64 

Total  cost 15.95  cts. 

Manurial  value  obtainable,  .  9  32   ** 

Net  cost,         ....  6.63   <* 


III. 


IV. 


November  7  to  November  20, 

Wheat  bran,     ....    3.00  lbs. 
New-process  linseed  meal,     .    3.00   ** 

Com  stover 15.33    " 

Nutritive  ratio,         .        .        .       1:6  29 
Total  cost,        ....  10.57  cts. 
Manurial  value  obtainable,     .  10.18    *< 
Net  cost, 0.39   " 


November  28  to  January  2. 

Wheat  bran,   ....  3  00  lbs. 

New-process  linseed  meal,     .  3.00   " 

Cora  stover 12.07   " 

Roots,* 15.00  " 

Nutritive  ratio,       .       .        .  1:6.10 

Total  cost,       ....  12.75  cts. 

Manurial  value  obtainalile,   .  10  45   '* 

Net  cost,         ....  2.30   " 


VI. 


January  27  fo  February  11, 

Buffalo  gluten  feed,         .        .    4.00  lbs. 
Oat  feed,  .  .        .    4.00   " 

Com  stover,     ....    4.00   «« 
Com  ensilage,  ....  28.91    « 

Turnips, 15.00   " 

Nutritive  ratio,        .        .        .       1:8.73 
Total  cost,        ....  15.49  cts. 
Manurial  value  obtainable,     .  10.61    " 
Net  cost, 4.88   " 


March  1  to  March  27, 

Cotton-seed  meal,  .        .4.00  lbs. 

Corn  and  cob  meal,       .        .  4.00   " 

Cora  stover,    ....  4.00   " 

Cora  ensilage,        .        .        .  42.39   " 

Nutritive  ratio,       .        .        .  1:6.25 

Total  cost,      ....  15.30  cts. 

Manurial  value  obtainable,   .  10  10   ** 

Net  cost,         ....  6.20   « 


*  Potatoes  or  mangolds. 
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Summary  of  Cost  of  the  Average  Daily  Fodder  Rations. 
[Cents.] 


FSBDINO  PSIIODfl. 

I. 

n. 

IIL 

IV. 

V. 

VI. 

Total  cost 

Maoarial  value  obUlnable.*    .       .       . 
Net  coat 

10.86 
6.09 
8.87 

15.05 
0.32 
6.63 

10.57 
10.18 
0.39 

12.75 
10.45 
2.30 

16.40 
10.61 
4.88 

i6.ao 

10.10 
6.20 

Oain  required  per  Day  in  Pounds  of  Live  Weight  to  cover  CoH  of  Feed, 

ToUl  ooet, 
Net  coat,    . 

2.82 
1.00 

4.U 

1.72 

2.74 
0.10 

3.31 
0.60 

4.02 
1.27 

4.00 
1.36 

Live  Weight  actually  produced  per  Day. 

l.GO 

0.S8 

0.93 

0.05 

1.87 

0.81 

Coat  of  Feed  per  Pound  of  Live  Weight  gained. 

ToUl  cost. 
Net  cost,    . 

7.24 
2.V 

18.01 
7.63 

11.36 
0.43 

13.42 
2.42 

8.29 
2.61 

18.88 
6.42 

*  Allowing  00  per  cent,  of  the  fertlllxlng  ingredlente  to  be  recovered  In  the  manure. 

The  periods  in  which  ensilage  was  fed  as  the  coarse  fodder 
produced  distinctly  the  largest  gains  in  live  weight.  The 
hay  ration  (Period  II.)  was  the  most  costly  one. 

n.     What  it  has  cost  to  produce  Beef. 

Below  is  presented  a  detailed  account  of  the  cost  of  the 
foods  consumed.  The  cost  of  labor,  interest  on  the  money 
involved,  etc.,  is  not  added. 

The  steers  were  purchased  March  28,  1893,  at  3.69  cents 
per  pound  live  weight,  and  were  sold  April  4,  1894,  for  3.85 
cents  per  pound  live  weight.  It  is  to  be  noted  that  these 
animals  were  bought  when  beef  was  high  and  of  necessity 
t^old  when  it  was  low,  which  will  naturally  not  be  favorable 
to  a  successful  financial  operation.  They  were  soiled  during 
the  summer  of  1893. 

The  three  steers  consumed  nearly  the  same  amount  of  food, 
only  slight  differences  being  noted  in  the  coarse  fodders. 
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Seeord  of  Feed  oontumed. 
[Aveiag*.*] 


■ 

FODDBB  ABTIOUB. 

Feed 
consumed 
(Pounds). 

Dry  Matter 
(Pounds). 

Local 

Market 

Cost. 

Manuriai 

Value 
Obtainable. 

Net 
Goat. 

Wh^atbnin 

«76 

600.75 

$6  41 

$3  08 

$2  48 

Rnflalo  gluten  feed.     .... 

4T6 

437.02 

4  52 

2  70 

1  82 

New  proems  linseed  meal, . 

705 

^0.13 

0  52 

7  47 

206 

CottoD-seed  meal 

168 

154.56 

2  26 

2  18 

18 

Corn  and  cob  meal,      .... 

101 

123.07 

1  45 

47 

08 

Oat  feed 

96 

80.28 

01 

84 

67 

Kowen. 

860 

770.80 

6  51 

8  87 

8  14 

Boja-bean  and  eorn  ensilage, 

2.660 

570.03 

3  52 

2  04 

148 

Corn  eD^lIage, 

2,725 

572.20 

8  41 

1  42 

100 

Corn  stover 

1,256 

054.56 

8  18 

8  77 

64 

Corn  fodder, 

814 

50.66 

80 

14 

85 

Vetrhandoate 

652 

188.00 

76 

47 

80 

liiick  wheat, 

1,890 

208.35 

1  74 

1  33 

41 

(■nbbage 

1,200 

166.00 
830.00 
00.00 

1  50 

2  07 
02 

1  34 

140 

40 

16 

Other  sreen  crops,       .... 
Til  mips  and  potatoes. 

1,652 
736 

68 
52 

Beets 

615 

100.24 

1  23 

50 

78 

- 

6,746.45 

$50  26 

$33  36 

$16  80 

*  The  steers  consumed  approximately  the  same  quantities  of  food  during  the  entire 
experiment,  only  alight  difference  In  coarse  fodders  being  noted. 


Steer  L 

Live  weight  of  animal  when  purchased,  . 

Live  weight  of  animal  when  sold,    .        .        .        .        . 

Total  gain  during  experiment, 

Average  gain  in  weight  per  day, 

Dry  matter  required  to  produce  one  pound  live  weight, 

Financial  Statement. 


Founds. 

557.00 

1,107.00 

550.00 

1.47 

12.26 


Debit. 

Credit. 

Original  cost  of  steer, 

Total  cost  of  feed, 

Selling  price  of  steer,  1,107  pounds,  at  3.85 

cente. 
Value  of  manure  produced,  .... 

$20  55 
50  25 

$42  61 
83  86 

$70  80 

$75  97 

Total  cost  of  feed  per  pound  live  weight  actually  produced. 
Net  cost  of  feed  per  pound  live  weight  actually  produced. 
Total  cost  to  us  of  one  pound  live  beef,    .... 


Cents. 

9.U 
3.07 
6.39 
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Steer  IL 

Live  weight  of  animal  when  purchased, 

liye  weight  of  animal  when  sold,     . 

Total  gain  daring  experiment, . 

Average  gain  in  weight  per  day, 

D17  matter  required  to  produce  one  pound  live  weight, 

FtTiancial  Statement, 


Poonda. 

617.00 

1,045.00 

528.00 

1.41 

12.78 


t 

D«btt. 

Credit 

Original  cost  of  steer, 

Total  cost  of  feed, 

Selling  price  of  steer,  1,045  pounds,  at  8.85 

cents. 
Value  of  manure  produced,  ,        .        ,        , 

«19  08 
50  25 

$40  23 
88  86 

«69  33 

$73  59 

Total  cost  of  feed  per  pound  live  weight  actually  produced, 
Net  cost  of  feed  per  pound  live  weight  actually  produced. 
Total  cost  to  us  of  one  pound  live  beef,    .... 

Steer  III. 


Live  weight  of  animal  when  purchased,  . 

Live  weight  of  animal  when  sold,     . 

Total  gain  during  experiment, .... 

Average  gain  in  weight  per  day. 

Dry  matter  required  to  produce  one  pound  live  weight. 


Financial  Statement. 


Oento 

9.52 
8.20 
6.63 


Poondt. 

550.00 

1,187.00 

587.00 

1.57 

11.49 


Crodlt. 


Original  cost  of  steer, 

Total  cost  of  feed, 

Selling  price  of  steer,  1,137  pounds,  at  3.85 

cents. 
Value  of  manure  produced,  .... 


$43  77 

88  86 

$77  13 


Total  cost  of  feed  per  pound  live  weight  actually  produced. 
Net  cost  of  feed  per  pound  live  weight  actually  produced. 
Total  cost  to  us  of  one  pound  live  beef,     .... 


Omts. 

8.57 
2.87 
6.20 
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Summary  of  Three  Steers, 

liye  weight  of  animals  when  purchased. 

Live  weight  of  animals  when  sold,  . 

Total  gain  during  experiment, .... 

Average  gain  in  weight  per  day. 

Dry  matter  required  to  produce  one  pound  live  weight, 


Pounds. 

1,624.00 

8,289.00 

1,666.00 

1.48 

12.32 


Financial  Statement, 


Debit. 

CiwlU. 

Original  cost  of  steers, 

Total  cost  of  feed, 

Selling  price  of  steers, 

Value  of  manure  produced,  . 

$59  98 

160  75 

$126  61 
100  08 

$210  68 

$222  69 

Total  cost  of  feed  per  pound  live  weight  actually  produced. 
Net  cost  of  feed  per  pound  live  weight  actually  produced. 
Total  cost  to  us  of  one  pound  live  beef,    .... 
Net  cost  to  us  of  one  pound  live  beef,       .... 


Cents. 

9.08 
8.04 
6.41 
3.36 


The  total  cost  of  the  3,289  pounds  of  live  beef  actually  sold 
was  6.41  cents  per  pound,  and  the  net  cost,  found  by  deduct- 
ing the  manure  reckoned  at  a  maximum  value,  is  3.36  cents. 
The  steers  were  sold  at  3.85  cents  per  pound  live  weight. 
The  animals  gained  1.48  pounds  live  weight  daily  during  the 
entire  experiment.  We  hardly  think  it  possible  to  secure 
better  results  with  the  average  grade  steer.  The  results, 
however,  make  an  unfavorable  financial  showing.  (See  dis- 
cussion of  results  in  the  general  summary  of  steer-feeding 
experiments.) 
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in.     Summer  Soiling  vs.  Pasture. 

This  experiment  was  an  exact  repetition  of  the  one  described 
in  the  report  for  1893. 

The  three  steers  were  kept  in  the  barn  or  turned  into  the 
barn-yard  during  the  summer  and  fall  months,  and  fed  upon 
a  variety  of  green  crops  raised  upon  the  station  grounds  in 
combination  with  various  grains. 


Feed  consumed  by  Each  Steer  during  Summer  Soiling. 

[As  the  difibrent  steers  consumed  practically  the  same  amoant  of  feed,  one  state- 
ment for  the  three  will  suffice.] 


FODDBR  ABTICLBS. 


Fe«d 
CoDsained 
(Pounds). 


Local 

Market 

Coat. 


ManurUl 

Value 
Obtainable, 


Net  Coat. 


Buffalo  gluten  feed,  . 

New-procesa  llnaeed  meal, 

Wheat  bran, 

Soja-bean  and  com  enailagei 

Rowen,        .... 

Vetoh  and  oaU  (green),    . 

Other  green  oropa,     . 

Buckwheat, 

Com  fodder, 

Cabbagea,   .... 


253.50 
867.00 
205.60 
160.70 
677.00 
552.00 
1,442.00 
1,380.00 
814.00 
800.00 


$2  40 

4  05 
1  05 
220 

5  07 
76 

1  80 

1  74 

89 

1  00 

$28  26 


$148 

8  80 

121 

127 

2  62 

47 

1  30 

183 

14 

00 

$14  56 


$0  07 
106 
74 
88 
245 
29 
60 
41 
25 
10 

$7  70 
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The  results  make  as  good  if  not  a  better  showing  than 
those  reported  last  year.  The  comparative  merits  of  soil- 
ing vs.  pasture  are  briefly  discussed  in  the  general  summary 
of  steer-feeding  experiments. 


Additional  Data  of  the  Experiment. 

IjOcoI  Market  Costj  per  Ton,  of  the  Various  Articles  of  Fodder. 

Wheat  bran, fl9  00 

Buffalo  gluten  feed, 19  00 

New-process  linseed  meal, 27  00 

Oat  feed, 19  00 

Cotton-seed' meal, 27  00 

Com  and  cob  meal, 18  00 

English  hay, 15  00 

Vetch  and  oats  (dry), 15  00 


Rowen, 
Com  and  soja-bean  ensilage. 
Turnips,  .... 
Potatoes,  .... 
Mangolds,  .... 
Comstover,  .... 
Com  ensilage. 
Other  green  crops. 


15  00 
2  75 
2  50 
2  50 
4  00 
6  00 
2  50 
2  50 


Analyses  of  Fine  Feed.^, 


Fodder  Analtsss. 

1 

s 

5 

\i 

n 

1 

1 

5S 

Moisture  at  100' C. 

11.00 

8.00 

10.62 

7.00 

9.00 

2B.00 

Dry  matter, 

8^.00 

92.00 

80.38 

93.00 

91.00 

77.00 

Analy»i$  of  Dry  Matter. 

luu.oo 

luO.OO 

100.00 

lOO.UO 

100.00 

100.00 

Crude  ash 

8.00 

1.00 

6.89 

4.61 

7.10 

1.64 

"     cellulose 

11.00 

7.00 

8.84 

17.73 

6.63 

7.54 

"     fat, 

6.00 

14.30 

8.94 

8.95 

9.66 

4.19 

«•     protein 

18.00 

23.00 

40.70 

11.02 

60.34 

10.00 

Nitrogen  free  extract,        .... 

68.00 

64.10 

40.54 

62.60 

27.87 

76.63 

100.00 

100.00 

100.00 

luo.uo 

100.00 

100.00 
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Fertilizing  ConstUuents. 

[Percent.] 
[Nitrogen  17^  cents,  phosphortc  add  6  cents,  potassiam  oxide  6  cents,  per  ponnd.] 


FXBTILIZXB  AHALTBkS. 

1 

1 

0 

i 

1 

\. 

1 

f 

1^ 

1 

1^ 

Mototure, 

11.00 

8.00 

10.82 

7.00 

8.00 

23.00 

Nitrogen* 

2.55 

8.47 

5.88 

i.es 

6.88 

1.28 

Fbosphorio  «old,        .       .       .       •       . 

2.46 

0.85 

1.95 

1:25 

2.87 

O.TO 

PotaMiam  oxide, 

1.58 

0.10 

1.06 

0.80 

1.70 

0.40 

Valuation  per  2,000  pounds, 

$18  12 

$12  14 

$28  58 

$7  83 

$32  24 

$5  44 

Mannrlai  yalae  obtainable. 

11  81 

1184 

21  18 

705 

20  00 

400 

Analyaea  of  Coarse  Fodder  Articles. 
[Per  Cent.] 


FODDBB  ANAX^TSXB. 

1 

11 

1 

Com  Btover. 

e 

& 

1 
» 

Molfltnra  at  100*  C 

11.80 

77.77 

79.00 

24.00 

90.00 

78.67 

83.71 

Dry  matter 

88.70 

22.28 

21.00 

76.00* 

10.00 

21.38 

16.29 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

AnalyU  of  Dry  Matter. 

Crude  aah, 

6.48 

9.48 

4.53 

7.14 

8.88 

4.76 

6.79 

•<     oelhiloee,  .... 

80.00 

26.68 

83.80 

33.88 

11.75 

2.80 

6.84 

-     f«t. 

4.28 

8.75 

4.28 

1.69 

1.68 

0.62 

0.71 

"    protein 

12.11 

7.91 

6.81 

9.91 

10.37 

9.56 

13.27 

Nitrogen-free  extract. 

47.18 

62.23 

51.58 

47.98 

67.87 

82.76 

73.38 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

*  Elghty-t^ree  per  cent,  dry  matter  during  January,  February  and  March. 
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Fertilizing  Constituents. 

[Per  Cent.] 
[Nitrogen  17^  cents,  phosphoric  acid  5  cents,  potassium  oxide  6  cents,  per  ponnd.] 


FKBTIUZKR  ANALT8S8. 

i 

11 

1 

e 

i 

1 

i 
s 

• 

• 

1 

s 

o 

6 

& 

& 

<• 

:4 

Moittare 

11.30 

77.77 

79.00 

20.00 

90.00 

78.67 

83.71 

Nitrogen 

1.72 

0.82 

0.21 

1.27 

0.10 

0.33 

0.35 

Phosphoric  acid, .  -     . 

O.M 

0.12 

0.03 

0.80 

0.12 

0.13 

0.11 

PotMsium  oxide. 

LOT 

0.48 

0.41 

1.70 

0.88 

0.69 

0.40 

ValaatioD  per  2,000  poands. 

$864 

♦177 

•117 

$0  67 

$0  90 

$194 

$182 

Manarial  value  obtainable. 

7  77 

1  69 

106 

600 

80 

1  75 

1  64 

Fertilizing  Constitiients  of  "  Otiier  Ghreen  Crops,** 

[Per  Cent.] 
[Nitrogen  17^  cents,  phosphoric  acid  5  cents,  potassinm  oxide  5  cents,  per  pound.] 


FERTILIXEB  ANAI.T8B8. 


Moisture,        ... 
Nitrogen,        ... 
Phosphorio  add,    . 
Potauium  oxide,  . 
Valuation  per  2,000  poundi, 
Manurial  value  obtainable, 


a 

23 

> 


I 


75.00 
0.44 
0.13 
0.42 

$2  13 
1  70 


85.00 
0.44 
0.09 
0.54 

$2  15 
1  93 


I 


87.00 
0.63 
0.21 
0.30 

$2  50 
2  25 


I 
e 


81.00 
0.18 
0.15 
0.88 

$1  01 
90 


c 


80.00 
0.48 
0.15 
0.35 

$2  00 
1  80 


The  various  leguminous  and  non-leguminous  crops  above 
referred  to  were  fed  in  small  quantities,  and  it  has  only  been 
possible  to  attempt  an  approximate  manurial  value. 
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2.     GENEEAL  SUMMARY  OF  FEEDING   EXPERI- 
MENTS WITH  GROWING  STEERS. 


By  J.  B.  LiNDSET. 


1890-94. 

A  series  of  feeding  experiments  with  growing  steers  has 
been  carried  on  at  the  station  since  December,  1890,  and  the 
details  published  in  the  successive  annual  reports.  The  last 
experiment  was  completed  in  April,  1894.  It  seems  proper 
at  this  time  to  attempt  to  present  a  general  summary  of  the 
results  obtained. 

The  steers  experimented  with  during  these  four  to  five 
years  were  ten  in  number,  of  which  seven  were  grade  Short- 
horns and  three  grade  Durhams.  They  were  generally 
bought  in  the  autumn,  and  weighed  about  600  pounds  each. 
These  were  termed  *'  yearlings.*'  At  the  beginning  of  the 
second  winter  season  they  had  increased  to  about  1,000 
pounds  weight,  and  were  termed  **  two-year-olds.*'  There 
was  one  exception  in  case  of  the  three  steers  fed  during 
1893;  these  were  purchased  in  the  spring,  of  1893,  soiled 
during  the  summer  and  sold  in  the  spring  of  1894.  Five 
of  the  steers  were  pastured  during  the  summer  and  five  were 
soiled. 

Among  the  questions  to  which  answers  were  sought  were 
the  following :  — 

I.  What  are  the  most  economical  fodder  rations  for  beef 
production? 

II.  The  actual  cost  of  beet  production  in  Massachusetts 
under  existing  local  conditions. 

III.  The  average  daily  gain  in  live  weight  during  an 
entire  experiment. 

rV.  Dry  matter  required  to  produce  one  pound  of  live 
weight. 

V.  The  relative  merits  and  cost  of  pasture  vs,  soiling 
during  the  summer  season. 
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Results  of  the  Experimext. 

The  Most  Eocmomtccd  Rations  for  Beef  Production, 

Yearlings. 


ABTIOLBI  or  FODDBB. 


Aybbaob  Daily  G^aix  in  Litb  Wbiobt 

(POD2n>8). 


!•••-•••     19M-91.     1M1.»«.      Avenge. 


Grain  and  corn  etoyer, 
Onln  and  corn  eocilmge,  . 
Grain  and  corn  fodder,     . 
Grain,  oorn  atoTer  and  angar  beeta, 
Grain,  hay  and  roota, 


1.80* 
8.03 
1.66* 
0.78 


1.40 


1.40 


0.76 

l.OS 

1.66 

1.96 

- 

1.66 

- 

0.78 

2.04 

1.76 

*  More  than  the  ordinary  amount  of  grain. 


Digestible  Mailer  in  Above  "Rations, 


DxaBSTZBLV  MaTTSB  CON8VXBD  DaILT  PBB  1,000 

Pounds  Livb  Wnioht  (Pounds). 

Artiolks  or  Foddbb. 

Organic 
Matter. 

Protein. 

Carbo- 
hydrates. 

Fat. 

Nutritive 
BaUo. 

Grain  and  oorn  stover, .... 

Grain  and  com  enaUage, 

Grain  and  oorn  fodder, 

Grain,  eom  atover  and  sugar  beeU,     . 

Grain,  hay  and  roots,    .... 

Wolff's  sUndard, 

0.96 
18.96 
18.63 
11.16 
13.62 
16.08 

1.69 
2.66 
2.47 
2.18 
2.49 
2.17 

7.81 
10.60 
10.66 

8.64 
10.42 
12.64 

0.43 
0.86 
0.60 
0.48 
0.60 
0.87 

1:6.20 
1:6.10 
1:4.90 
1:4.60 
1:6.00 
1:6.25 

Two-year-olds^ 


AvKRAOB  Daily  Gain  in  Livb  Wbiobt  (PouNDa). 

Abticlbs  or  Foddbr. 

1889-90. 

1890-91. 

1891-9B. 

18M-98. 

189S-94. 

Average. 

Grain  and  com  stover. 

- 

. 

- 

0.98 

0.93 

0.95 

Grain  and  eom  ensilage,    • 

8.84 

1.67 

1.44 

1.84 

1.16 

1.9T 

Grain,  liay  and  straw, 

- 

1.61 

- 

- 

- 

1.61 

arain,  hay  and  rooU, . 

- 

1.66 

1.16 

- 

- 

1.40 
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Digestible  Matter  in  Above  Bations. 


DiesBTiBLB  Matter  consumed  Daily  per  1,000 
PouNDB  Lite  Weight  (Pounds). 

Articlbs  of  Foddbr. 

Orffanio 
Matter. 

Protein. 

Carbo. 
hydrates. 

Fat. 

NatriUve 
RaUo. 

G-nln  and  corn  stover,  .... 
G-raln  and  oorn  ensilage, 
Grain,  hay  and  straw,   .... 
Grain,  hay  and  roots,    .... 

10.27 
11.89 
18.27 
11.94 

1.68 
1.94 
2.61 
2.18 

8  80 
0.22 
9.93 
0.24 

0.38 
0.70 
0.72 
0.51 

1:6.2 
1:5.8 
1:4.5 
1:6.0 

Summary  of  Cost  of  the  Average  Daily  Fodder  Rations. 
Yearlings, 


Abticlks  or  Fkkd. 

Total  Cost. 

Ket  Cost. 

Cents. 

Cents. 

Grain  and  com  stover, 

10.06 

8.86 

Grain,  com  stover  and  sugar  beets,     . 

14.98 

7.54 

Grain  and  com  ensilage, 

18.47 

5.96 

Grain  and  com  fodder, 

12.45 

4.80 

Grain,  hay  and  roots, 

15.92 

8.83 

Two-year-olds. 


Grain  and  com  stover, . 
Grain  and  com  ensilage, 
Grain,  hay  and  straw,  . 
Grain,  hay  and  roots,    . 


9.98 

2.12 

15.81 

6.92 

16.78 

6.85 

22.63 

12.79 
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Cost  of  Feed  per  Pound  of  Live  Weight  gained. 
Yearlings, 


Articlks  op 

Fkkd. 

ToUl  Cost. 

NetCcMt 

Cento. 

Cento. 

Grain  and  com  stover, . 

9.77 

3.14 

Grain,  com  stover  and  sugar  beets, 

19.20 

9.66 

Grain  and  com  ensilage, 

6.87 

2.10 

Grain  and  com  fodder, 

8.04 

3.10 

Grain,  hay  and  roots,    . 

• 

9.05 

5.02 

Ttvo-y  car-olds. 

Grain  and  com  stover, . 

10.50 

2.23 

Grain  and  com  ensilage. 

8.02 

3.51 

Grain,  hay  and  straw,  . 

10.42 

4.25 

Grain,  hay  and  roots,    . 

16.16 

9.13 

What  the  Above  Tables  teach. 
(a)     Relative  Average  Gain, 

The  chief  coarse  fodders  fed  were  corn  stover,  com  fodder, 
com  ensilage  and  hay  and  roots.  It  is  to  be  observed  that  in 
case  of  both  yearlings  and  two-year-olds  the  greatest  daily  gain 
was  made  when  the  coarse  fodder  consisted  of  corn  ensilage. 
Corn  fodder  and  hay  and  roots  also  made  a  very  fair  showing. 
In  comparing  the  table  of  growth  and  digestible  matter  con- 
sumed it  will  be  observed  that  a  very  close  relation  exists 
between  them.  The  more  digestible  matter  consumed,  the 
greater  the  daily  gain.  Thus  in  the  case  of  both  yearlings 
and  two-year-olds  in  1889-90  the  gain  in  live  weight  during 
the  ensilage  period  was  exceptionally  high. 

On  referring  to  the  tables  published  in  the  annual  report 
for  1892,  page  166,  it  will  be  seen  that  the  steers  consumed 
a  very  large  amount  of  food  during  that  time,  and  to  this 
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large  food  consumption  must  be  attributed  the  large  gain  in 
weight.  In  case  of  corn  stover  as  a  coarse  feed  the  gain 
with  one  exception  was  small,  being  about  nine-tenths  of 
a  pound  daily.  This  is  due  without  doubt  to  the  fact  that 
the  total  amount  of  digestible  matter  consumed  during  the 
corn-stover  period  was  relatively  small.  Corn  stover,  when 
fed  as  a  part  of  the  daily  coarse  fodder  ration,  makes  a  valu- 
able food,  but  when  given  as  a  coarse  feed  exclusively  the 
animals  will  not  consume  a  quantity  sufficient  to  produce  the 
requisite  gain.  It  has  not  the  sweet  taste  of  the  hay,  nor 
the  sour,  appetizing  taste  of  the  ensilage. 

On  comparing  the  daily  gains  with  the  amount  of  digest- 
ible matter  consumed  daily,  it  must  be  admitted  that  for  an 
equal  amount  of  digestible  matter  the  corn  ensilage  rather 
exceeds  all  otlier  coarse  fodders. 


(6)     Cost  of  Daily  Gain. 

In  comparing  the  cost  of  feeds  required  to  produce  one 
pound  of  live  weight,  it  will  be  seen  that  the  relative  cost  was 
higher  with  two-year-olds  than  wUh  yearlings.  This  is  in 
accordance  with  general  teaching. 

Again,  live  weight  was  produced  at  the  lowest  cost  both 
with  yearlings  and  two-year-olds  when  corn  ensilage  was  the 
principal  coarse  fodder  of  the  daily  ration.  The  corn  fodder 
ration  is  the  next  higher  in  cost,  and  then  follow  the  corn 
stover  and  finally,  as  the  highest,  the  hay  ration.  When  the 
net  cost  of  feed  per  pound  of  live  weight  gained  is  consid- 
ered, the  corn-stover  period  compares  very  favorably  with 
the  ensilage  and  corn- fodder  periods. 

In  the  grain  addition  to  the  coarse  fodders  the  point  has 
been  to  so  combine  them  as  to  get  from  2  to  2.5  pounds  of 
digestible  protein  in  the  daily  ration. 

I.  To  produxje  beef,  then,  at  the  lowest  cost,  grow  and 
feed  those  coarse  fodders  that  yield  the  largest  returns  of 
digestible  matter  per  acre  at  the  least  cost  of  production. 
Such  coarse  fodders  are  corn  ensilage,  com  fodder  and,  when 
properly  fed,  corn  stover. 

II.  These  coarse  fodders  must  be  supplemented  with  con- 
centrated feeds,  so  as  to  secure  2  to  2.5  pounds  of  digestible 
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protein  per  1,000  pounds  live  weight,  thus  furnishing  a  ration 
having  a  nutritive  ratio  of  1 :  5  to  1:6. 

IIL  In  order  to  secure  maximum  growth  the  rations  must 
be  palatable  as  well  as  properly  balanced. 

We  have  no  long  feeding  periods  with  green  crops  except- 
ing corn  fodder ;  but  our  observations  teach  that  vetch  and 
oats  is  an  excellent  economical  green  fodder.  Experiments 
are  in  progress  to  ascertain  those  green  crops  that  are  best 
suited  to  our  conditions  and  will  give  a  large  yield  of  pala- 
table fodder. 


Daily  Fodder  Rations  for  Growing  Steers. 
Yearlings, 


I. 

II. 

Buffalo  gluten  feed,    . 
Cotton-seed  meal, 
Corn  stover  (dry),     . 
Hay 

.    3   qts. 

.    li    " 
.    8  lbs. 
.    6     « 

Wheat  bran, 

Buffalo  gluten  feed,     . 

Corn  ensilage,      . 

.    4qts. 
.    3   " 
.  40  lbs. 

III. 

IV. 

Cbicago  gluten  meal,  . 
Wheat  bran. 
Com  fodder, 

.    2  qts. 
.    4    " 
.  35  lbs. 

Wheat  bran. 

New-process  linseed  meal,  . 

Green  fodder. 

.    4  qts. 
.    2   " 
.  40  lbs. 

Two-year-olds, 

I. 

II. 

Buffiilo  gluten  feed,     . 

Wheat  bran. 

Com  stover, 

Vetch  and  oats  (dry),. 

.    4  qts. 
.    5  " 
.       .    9  lbs. 
.    7   " 

Wheat  bran. 
Cotton-seed  meal, 
Cora  ensilage,      . 

.    6  qts. 
.       .    2  " 
.     50-60  lbs. 

III. 


IV. 


Cbicago  gluten  meal,  .       .       .3  qts. 
Wheat  bran,         .        .        .        .    5    " 
Com  fodder,        .       .        .     50-60  lbs. 


Com  meal, 4  qts. 

New-process  linseed  meal,  .        .    3   " 
Oreen  fodder,       . '      .       .       .60  lbs. 


The  grain  feed  in  the  above  rations  can  be  used  inter- 
changeably with  the  coarse  fodders.  They  are  so  combined 
as  to  furnish  the  necessary  amount  of  protein.  One  must 
select  the  various  grains  with  reference  to  their  cost  at  the 
time  of  feeding  them. 
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The  Cost  of  Beef  Production. 

In  the  following  table  will  be  found  a  summary  of  the 
financial  returns  from  the  ten  steers. 

It  will  be  remembered  that  five  of  the  steers  were  pastured 
during  the  summer  and  five  were  soiled.  The  object  ever 
has  been  to  combine  the  feeds  so  as  to  get  low-cost  rations 
that  would  at  the  same  time  produce  maximum  growth. 


Financial  Statement. 


Original  cost  of  steers,  6,237  pounds,  at  3.55  cents, 

Total  cost  of  feed, 

Selling  price  of  steers,  1 1 ,874  pounds,  at  3.88  cents. 
Value  of  manure  produced, 


Total  gain  in  live  weight, 5,637. 00 lbs. 

Total  cost  of  feed  to  produce  one  pound  live  weight,  .        .  10.58  cts. 

Net  cost  of  feed  to  produce  one  pound  live  weight,     .        .  5.56  ** 

Total  cost  to  us  of  one  pound  live  beef,        .        .        .        .  6.89  *' 

Net  cost  to  us  of  one  pound  live  beef, 4.34  •' 

Average  gain  in  weight  per  day, 1.24  lbs. 

Dry  matter  required  to  produce  one  pound  live  weight,*     .  11 .32  " 


♦  For  flye  steers  that  were  soiled. 


Remarks  on  the  Above  Figures. 

It  is  to  be  observed  that  the  above  results  are  not  at  all 
encouraging.  The  first  cost  of  the  steers  plus  the  feed  con- 
sumed amounts  to  more  than  the  returns  from  the  beef  plus 
the  value  of  manure  reckoned  at  a  maximum  price. 

The  cost  of  feed  to  produce  a  pound  of  live  weight  has 
been  10.58  cents,  while  the  total  cost  to  us  of  a  pound  of 
live  weight  (obtained  by  adding  to  the  original  cost  of  the 
steers  the  cost  of  the  feed  consumed,  and  dividing  by  the 
pounds  of  live  weight  sold)  is  6.89  cents.     The  net  cost  to 
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us  of  a  pound  of  live  beef  reckoned  in  the  same  way  is  4.34 
cents.  Only  by  reckoning  the  manure  at  aanaximura  value 
have  we  been  able  to  produce  live  beef  at  4.34  cents  per 
pound,  the  cost  of  attendance  not  being  included.  It  must 
be  remembered,  however,  that  our  coarse  fodders  and  grains 
were  charged  at  market  rates. 

While  the  results  do  not  present  a  favorable  financial  show- 
ing, they  teach  several  lessons.  In  the  first  place,  the  writer 
thinks  it  would  be  policy  to  begin  with  calves  instead  of  600- 
pound  steers.  The  rate  of  growth  of  very  young  stock  is 
much  more  rapid,  and  it  would  be  interesting  to  see  if  they 
could  not  be  grown  cheaper  than  they  could  be  purchased. 
In  the  second  place,  more  attention  must  be  given  to  the 
kind  of  steer  grown.  "We  must  have  steers  that  will  grow 
more  rapidly  than  those  experimented  with.  Just  as  there 
are  good  and  poor  milch  cows,  so  there  are  good  and  poor 
growing  steers.  Feed,  it  must  be  remembered,  is  only  sec- 
ondary. Wq  must  first  have  the  cow  bred  with  a  capacity 
for  milk  production,  and  then  help  her  to  produce  maximum 
yields  by  properly  feeding  her ;  and  in  just  the  same  way  we 
must  have  the  steer  so  bred  as  to  grow  rapidly,  then,  by  judi- 
cious and  economical  feeding,  seek  to  get  the  greatest  growth 
at  the  minimum  cost  for  feed.  The  writer  believes  that  by 
beginning  with  young  calves  from  animals  that  have  extra 
reputation  for  rapid  growth,  and  following  a  judicious  sys- 
tem of  feeding,  it  will  yet  be  possible  to  produce  beef  eco- 
nomically in  Massachusetts. 


1895.] 


PUBLIC  DOCUMENT  — No.  33. 


123 


i 


SO 


If 

902 

^5 


§    §    § 


?  .   .  5  ? 


II 


"I 


^    3 


e  s  ^      s  s 

iH     CO     lO  00     eo 


I 


j 


I 


e 

SoQ  8 
5$   • 


5  •* 

i*  5   ^   " 


o       I        I       to 


s    . 


§  § 


IM 


^    A    Z     ^    T^    t 


s  s  s    I   ;si  S3 


S  S 


•^  s  fc  s  a    I   B  s 


s 

0 


S. 

3 
i 


124  AGRICULTUKAL  EXPERIMENT  STATION,  [Jan. 

It  will  be  seen  from  the  above  table  that  the  animals 
soiled  made  fully  two  and  one-half  times  the  daily  gain  as  did 
the  pasture  lots.  This  is  probably  due  to  an  abundance  of 
food  on  the  part  of  the  soiled  steers.  The  pastures  were 
what  were  termed  **  good  "  by  the  average  farmer. 

The  total  cost  of  feed  to  produce  a  pound  of  live  weight  is 
about  the  same  in  each  case.  In  case  of  the  soiled  animals, 
however,  the  manure  is  left  upon  the  farm.  If  one  might 
assume  that  the  value  of  the  manure  from  a  commercial  stand- 
point would  about  pay  for  cost  of  attendance,  the  conditions 
would  appear  to  be  about  equal.  It  must  not  be  forgotten, 
however,  that  all  of  the  coarse  fodders  grown  upon  the  place 
were  charffed  at  market  rates. 

The  writer  thinks,  judging  from  the  above  results,  that  no 
absolute  rule  can  be  laid  down  to  govern  all  cases.  Local 
conditions  and  circumstances  would  undoubtedly  be  the  deter- 
mining factors.  Other  things  being  equal,  steers  can  at  least 
be  as  economically  grown  by  soiling  as  by  pasturing. 
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vn. 

FEEDING  CALVES  FOR  VEAL. 


By  J.  B.  LiNDSET. 


In  our  annual  report  for  1893  was  presented  an  experiment 
in  feeding  very  young  calves  with  skim-milk  alone  and  with 
skim-milk  combined  with  various  grains.  The  calves  were 
sold  for  veal  when  from  seven  to  t^en  weeks  old.  The  object 
was  to  inquire  into  the  price  that  could  be  obtained  for  the 
skim-milk  per  quart  when  fed  to  calves  and  pigs.  The  results 
were  as  follows :  — 

Calves.  —  Summary  of  Results. 

1.  Price  returned  per  quart  for  skim-milk,  when  live 
weight  sells  at  4J^  cents  per  pound :  — 

Cento. 

Calves  1,  2,  3  and  4  (grain  and  skbn-milk), 0.77 

Calves  5,  6  and  7  (skim-milk  alone), 0.75 

Average  of  seven  calves, 0.76 

2.  Price  returned  per  quart  for  skim-milk,  when  live 
weight  sells  at  4  cents  per  pound :  — 

Cents. 

Calves  1,  2*  8  and  4  (grain  and  skim-milk), 0.64 

Calves  5,  6  and  7  (skim-milk  alone), 0.63 

Average  of  seven  calves, 0.63 

Pkicb  obtaunted  ton  Skim-milk  per  Quart  when  fed 

TO  Pigs. 

Here  follow  the  average  results  obtained  from  experiments 
with  forty  pigs,  being  six  distinct  lots,  fed  during  the  years 
1890-9 1  and  1892-93.  In  this  number  grade  Chester  Whites 
predominated,  but  several  Yorkshires,  Berkshires,  Poland 
Chinas  and  Tamworths  are  also  included. 


126  AGRICULTURAL  EXPERIMENT  STATION,  [Jan. 

Statemetit. 
[Cents.] 


Drwied  Pork  lold  at— 

6K 
Cents. 

6 
Cento. 

Cento. 

7 
Cento. 

7« 
Cento. 

8 
Cento. 

Price  returned  per  quart  for 
skim-milk  fed.    . 

0.21 

0.80 

0.46 

0.68 

0.70 

0.81 

Comments  on  CALP-rEBDma  Experiment  (1893). 

The  experiment  has  shown  that  calves  grown  upon  skim- 
milk  alone  or  upon  skim-milk  and  grains  during  the  first 
eight  weeks  of  their  lives  make  good  gains  in  live  weight, 
namely,  from  0.9  to  2.13  pounds  per  day,  with  an  average 
of  1.49  pounds.  These  animals,  however,  put  on  very  little 
fat,  either  when  fed  on  skim-milk  alone  or  when  fed  on  skim- 
milk  and  grains.  They  were  not  able  to  digest  the  neces- 
sary amount  of  com  meal,  Bufialo  gluten  feed,  wheat  flour 
or  middlings,  when  fed  in  connection  with  the  nitrogenous 
milk,  to  promote  the  formation  of  tat. 

The  meat  of  the  animals  thus  described  was  quite  white  in 
appearance,  but  not  as  tender  as  calves  that  were  fed  whole 
milk.  The  ribs  and  flanks  of  animals  thus  fed  were  thinner 
than  those  consuming  whole  milk,  and  the  shrinkage  in 
dressing  was  from  5  to  7  per  cent.  more. 


Objects  op  the  Present  Experiment  (1894). 

I.  To  see  if  it  were  possible  to  replace  the  butter  fat 
removed  in  the  cream  by  some  cheaper  fat  or  oil,  thus  pro- 
ducing a  mixture  resembling  in  composition  whole  milk. 

n.  To  see  if  this  mixture  would  fatten  calves  economi- 
cally. 

Results  op  the  Experiment. 

I.  By  feeding,  in  addition  to  skim-milk,  oleomargarine, 
cotton-seed  oil,  com  oil  and  brown  sugar,  calves  were  grown 
to  weigh  160  pounds  when  seven  weeks  old.  These  calves 
were  fiiirly  fat,  showing  a  better  condition  than  calves  fed 
on  skim-milk  entirely,  but  were  not  equal  to  sucking  calves. 
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II.  The  experiment  was  not  a  financial  success,  however, 
the  increased  price  obtained  for  the  calves  being  more  than 
counterbalanced  by  the  cost  of  the  fats  and  the  extra  labor 
in  preparing  the  food. 

III.  In  one  case  (calf  7),  where  oleomargarine  and  brown 
sugar  were  fed  in  addition  to  the  skim-miU^,  the  result  was 
decidedly  encouraging.  The  calf  was  in  good  condition, 
and  returned  0.91  of  a  cent  per  quart  for  the  skim-nailk  fed. 


The  Experiment  Explained. 
How  the  Artificial  Milk  was  prepared. 

The  object  was,  if  possible,  to  make  an  emulsion  of  the  fat 
or  oil  with  the  skim-milk.  For  this  purpose  a  tin  vessel, 
very  much  resembling  the  ordinary  creamery  can,  was  made. 
It  was  twenty-two  inches  deep  and  six  inches  in  diameter. 
There  was  a  '*  dasher,"  which  consisted  simply  of  a  rod  about 
eight  inches  longer  than  the  depth  of  the  can,  made  of  tin  (or 
wood) ,  to  one  end  of  which  was  fastened  a  perforated  tin  disk. 
The  disk  was  of  such  a  diameter  that  it  could  be  worked  up 
and  down  easily  in  the  can,  which  was  provided  with  a  cover 
with  a  hole  in  the  centre,  through  which  the  rod  protruded. 
A  cheap  grade  of  oleomargarine  was  first  used.  It  was 
added  to  the  skim-milk  and  the  latter  heated  to  110^  F. 
This  melted  the  **oleo,''  and  the  solution  was  then  trans- 
ferred to  the  tin  churn  and  worked  for  several  minutes.  By 
this  method  the  oil  was  quite  well  mixed  with  the  milk,  and 
the  resulting  solution  had  a  very  pleasant  smell,  closely  re- 
sembling that  of  new  milk.  It  was  fed  in  a  SmalPs  calf- 
feeder,  and  the  calves  drank  it  readily.  The  artificial  milk, 
had  practically  the  following  composition,  as  compared  with 
ordinary  pure  milk :  — 


Water,    . 
Total  solids,  . 
Fat, 


ArUflclal  Milk 
(Percent.). 


86.60 

13.40 
8.78 


Pure  Milk 
(Per  Cent,). 


87.00 

13.00 
4.00 
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The  above  analysis  of  artificial  milk  represents  one  ounce 
of  **  oleo  "  to  each  quart  of  skim-milk.  Scarcely  any  of  the 
calves  appeared  to  be  able  to  take  more  than  this  amount  per 
quart  without  disturbing  their  digestion.  When  one  and  a 
half  ounces  per  quart  were  fed  indigestion  nearly  always 
resulted,  and  the  manure  voided  contained  an  excessive 
amount  of  fat,  fatty  acids  and  similar  substances.  During 
the  last  few  weeks  of  the  calf's  life  one  and  a  quarter  ounces 
were  fed  for  each  quart  of  the  skim-milk. 

Other  Oils  substituted. 

Only  one-half  ounce  of  either  cotton-seed  or  com  oil 
could  be  fed  per  quart  of  milk  without  producing  bad  eflTects. 
One  calf  was  fed  with  one-half  ounce  of  **  oleo  "  and  one-half 
ounce  of  cotton-seed  oil  per  quart  of  milk.  Another  was  fed 
with  one-half  ounce  of  "  oleo  "  and  two  ounces  of  brown  sugar 
per  quart  of  skim-milk. 

Following  comes  the  financial  record  of  the  seven  calves. 
Five  were  fed  skim-milk  and  **oleo,"  one  skim-milk  and 
cotton-seed  and  corn  oils,  and  one  skim-milk,  <<oleo"  and 
brown  sugar. 

Financial  liesults. 
Calf  1. 
Age  when  received :  three  days. 
Breed :  Jersey,  bull. 

Foods  fed :  whole  milk  for  the  first  four  days,  and  then 
gradually  changing  to  skim-milk  mixed  with  oleomargarine. 


Financial  Statement. 

Debit 

CredIL 

Original  cost^ 

23.00  quarts  whole  milk,  at  3  cents,  . 

23.83  pounds  **  oleo,"  at  10 J  cents,  . 
184 .  00  pounds  live  weight,  at  6  cents, 
832.00  quarts  skim-milk  returned, 

$1  00 

69 

2  60 

2  51 

$6  70 

$6  70 

$6  70 

Price  returned  per  quart  for  skim-milk  fed, .        .        .        .    0.76  cents. 
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Calf  2. 

Age  when  received :  two  days. 
Breed :  Jersey,  bull. 
Foods  fed :  same  as  No.  1. 

Financial  Statement, 


Original  cost, 

45.00  quarts  whole  milk,  at  3  cents,  . 

34.70  pounds  "  oleo,"  at  10 J  cents,     . 

91.00  pounds  dressed  weight,  at  7  cents, 
446 .  00  quarts  skim-milk  returned, 


$1  00 
1  35 
3  64 

38 


$6  37 


Credit. 


$6  37 


$6  37 


Price  returned  per  quart  for  skim-milk  fed. 


.    0.08  of  a  cent 


Calf  3. 

Age  when  received :  three  days. 
Breed :  grade  Durham,  bull. 
Foods  fed :  same  as  No.  1. 

Financial  Statement. 


Original  cost, 

75.50  quarts  whole  milk,  at  3  cents,  . 

36 .  33  pounds  "  oleo,"  at  10 J  cents,     . 

86.00  pounds  dressed  weight,  at  7 J  cents, 
521.00  quarts  skim-milk  returned. 


Debit. 


$1  00 
2  27 
8  81 


$7  08 


$6  45 

-0  63 

$7  08 
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Calf  4, 
Age  when  received :  three  days. 
Breed :  grade  Ayrshire,  heifer. 
Foods  fed :  same  as  No.  1. 


Fifiancial  SicUement. 


Original  cost, 

75.50  quarts  whole  milk,  at  3  cents,  . 

33 .  24  pounds  "  oleo,^  at  lOJ  cents.     . 

86.50  pounds  dressed  weight,  at  7^  cents, 
474.00  quarts  skim-milk  returned, 


Calf  5. 
Age  when  received :  seven  days. 
Breed :  grade  Holstein,  bull. 

Foods  fed :  whole  milk  first  five  days,  and  then  gradually 
changed  to  skim-milk  mixed  with  oleomargarine,  cotton-seed 

and  corn  oils. 

Financial  Statement. 


Original  cost, 

50.00  quarts  whole  milk,  at  3  cents,  . 

5.38  pounds  "•  oleo,^^  at  10\  cents,     . 

224.00  ounces  cotton-seed  oil,  at  8  cents, 

42.00  ounces  com  oil,  at  8  cents, 
152.00  pounds  live  weight,  at  4  cents, 
442.50  quarts  sklm-milk  returned. 


$1  00 

1  50 

5G 

1  79 

34 

89 


«6  08 


«6  08 


$6  08 


Price  returned  per  quart  for  skim-milk  fed, 


0.20  of  a  cent 
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Ccdf  6. 
Age  when  received :  ten  days. 
Breed :  grade  Holstein,  bull. 
Foods  fed :  same  as  No.  1. 

Financial  Statement, 


Credit. 


Original  cost, 

50.00  quarts  whole  milk,  at  8  cents,  . 

26.81  poonds  "  oleo,"  at  lOJ  cents,     . 

78.00  pounds  dressed  weight,  at  8  cents, 
308 .  00  quarts  skim-milk  returned. 


$1  00 

1  60 

2  71 

68 


$6  84 


«6  84 


$6  84 


Price  returned  per  quart  for  skim-milk  fed, 


0.21  of  a  cent. 


Calf  7. 

Age  when  received :  three  days. 

Bi-eed :  grade  Durham,  bull. 

Foods  fed :  whole  milk  for  first  five  days,  then  skim-milk 
mixed  with  different  amounts  of  tallow,  oleomargarine  and 
brown  sugar. 


Financial  Statement. 

Debit 

Credit. 

Original  cost,        ....... 

$1  00 

42.00  quarts  whole  milk,  at  3  cents,  . 
6 .  69  pounds  jacket  tallow,  at  6  cents,* 
8.60  pounds  ''  oleo,"  at  10}  cents,     . 
8 .  06  pounds  sugar,  at  4  cents, . 
168.60  pounds  live  weight,  at  ^  cents, 
884 .  00  quarts  skim-milk  returned. 

• 

1  26 
40 
89 
82 

8  04 

$6  91 

$6  91 

«6  91 

Price  retumed  per  quart  for  skim-milk  fed, 


0.91  of  a  cent. 


*  Jacket  tallow  was  not  satisfactory ;  it  crystallized  out  rapidly  from  the  emul- 
doD,  and  was  ooneeqnently  only  partially  consumed. 
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General  Conclusions. 


Average  daily  gain  in  live  weight  (pounds),     . 

Dry  matter  required   to   produce  one  pound  live 
weiglit  (pounos), 

Diy  matter  required  to  produce  one  pound  dressed 
weight  (pounds), 

Shrinkage  in  dressing  (per  cent.  ,      .        .        .        . 

Average  number  of  weeks  fed, 

Average  weight  of  calves  when  sold  (pounds). 


The  financial  results  of  the  experiment  are  not  satisfac- 
tory. The  average  return  for  the  skim-milk  in  case  of  the 
seven  calves  was  but  0.28  of  a  cent  per  quart.  Last  year, 
when  skim-milk  alone  was  fed,  a  return  of  from  0.63  to  0.73 
of  a  cent  per  quart  was  secured.  Although  the  condition  of 
these  calves  was  superior  to  those  grown  on  skim-milk  alone, 
our  local  butcher  refused  to  give  much  if  any  more,  simply 
because  they  were  not  *' suckers."  Whole-milk  veal  being 
worth  six  cents,  live  weight,  these  calves  were  certainly 
worth  five  cents,  while  from  nearly  all  of  them  but  from  four 
to  four  and  a  half  cents  could  be  obtained.  If  five  cents  per 
pound  live  weight  had  been  obtained  the  financial  showing 
would  have  been  better,  but  even  then  not  satisfactory. 
The  condition  of  the  calves  fed  on  artificial  milk  was,  as 
above  mentioned,  much  more  satisfactory  than  those  fed  on 
the  skim-milk.  They  were  not,  however,  equal  in  fatness 
to  sucking  calves. 

Calf  1  was  in  a  very  fair  condition.  The  kidneys  were 
quite  well  covered  with  fat.  Calves  3  and  4  were  equal  to 
No.  1.  Calf  5  was  fed  partly  on  cotton-seed  oil  as  a  source 
of  fat.  When  the  oil  was  first  fed  the  calf  seemed  to  im- 
prove in  condition,  and  his  coat  took  on  a  glossy  appearance ; 
but  continued  feeding  of  the  oil  did  not  appear  to  be  favor- 
able, and  when  slaughtered  his  carcass  contained  very  little 
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fat.  Calf  7,  fed  on  skim-milk  with  one  part  "  oleo  "  to  two 
parts  brown  sugar  as  cream  substitute,  gave  by  far  the  best 
results.  He  grew  rapidly,  making  an  average  daily  gain  of 
2.04  pounds,  and  he  returned  0.91  of  a  cent  per  quart  for 
the  skim-milk  fed.  His  kidneys  were  quite  well  covered 
with  fat. 

It  is  intended  to  note  the  effect  of  this  mixture  on  other 
calves.  It  must  be  admitted  that  considerable  labor  is 
required  to  feed  calves  as  described,  and  when  pork  brings 
from  six  and  a  half  to  seven  cents  per  pound  dressed  weight 
it  will  undoubtedly  be  more  profitable  to  feed  the  skim-milk 
to  pigs.  The  average  farmer  would  not  find  it  profitable  to 
attempt  to  fatten  veal  calves  by  this  method. 

If  the  mixture  of  skim-milk,  «'  oleo"  and  brown  sugar  or 
skim-milk  and  brown  sugar  gives  approximately  as  good 
results  with  the  average  calf  as  it  did  in  case  of  calf  7  of 
the  present  experiment,  fatting  veal  by  this  process  might 
prove  profitable  to  a  limited  number  when  circumstances 
were  favorable. 

When  pork  is  below  six  and  a  half  cents  per  pound, 
dressed  weight,  it  would  undoubtedly  be  profitable  to  feed 
the  skim-milk  alone  to  calves  after  they  are  a  week  old, 
provided  they  will  bring  four  cents  per  pound  live  weight. 
When  eight  to  nine  weeks  old  they  will  weigh  about  160 
pounds. 

Skim-milk  can  also  be  fed  with  decided  profit  to  calves 
that  are  intended  to  be  raised  to  maturity  upon  the  farm. 
As  soon  as  the  animals  are  old  enough  to  consume  grain  in 
addition  to  the  milk,  equal  parts  of  Buffalo  gluten  feed  and 
com  meal  or  cream  gluten  meal  and  corn  meal  can  be  fed 
dry. 
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Tables  showing  Avbraob  Dailt  Food  Coksimftiok  and  Gais 
vsf  Live  Weight. 

Calfl. 


Weight 
of  AniniAl 
(Poands). 

AvKRAOS  Dailt  Avoara  ov  Fsbd 

COVWOUKD. 

WEEKLY  PERIODS 

(DATK8). 

Whole  snik 
1    (guarU). 

Hkim-mllk 
(Quam). 

"Pleo" 
(Pound*)- 

May5-7. 

66.76 

4.38 

0.33 

0.02 

14. 

78.60 

1.43 

6.43 

0.36 

21. 

87.00 

- 

7.43 

0.47 

28, 

99.00 

- 

9.00 

0.60 

June    4, 

lU.OO 

- 

10.43 

0.68 

11 

130.26 

- 

11.67 

0.97 

13 

134.00 

- 

12.00 

1.05 

Average  daily  gain, 

1.68 

- 

- 

- 

Calf2. 


May6-7, 

68.76 

4.33 

- 

- 

14. 

74.60 

3.43 

1.29 

0.11 

21, 

87.00 

1.14 

6.86 

0.40 

28, 

97.60 

- 

8.86 

0.50 

June    4, 

116.00 

- 

10.43 

0.68 

11, 

130.26 

- 

11.67 

0.97 

18, 

144.00 

- 

12.00 

1.05 

25. 

157.00 

- 

12.00 

1.06 

26, 

156.00 

- 

12.00 

1.06 

Average  daily  gain, 

1.66 

- 

- 

- 
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Calf  3. 


Weight 
of  Animal 
(Pound.). 

AVXBAOB  DAILT  AMOCNT  OF  FKBD 
CONSUMER 

W£ERLY  PERIODS 

(Dates). 

Whole  Milk 
(Qiuurts). 

Skim-mllk 
(Quarts). 

"Oleo" 
(Pounds). 

June  13, 

1      60,50 

1 

6.00 

- 

- 

18, 

70.00 

6.00 

- 

- 

25, 

;    79.50 

2.57 

3.43 

0.22 

July    2, 

80.00 

0.29 

5.86 

0.38 

9. 

92.00 

- 

8.14 

0.53 

16, 

105.00 

- 

9.57 

0.63 

23, 

'  119.50 

- 

10.14 

0.66 

30, 

187.50 

- 

11.14 

0.73 

Aug.    6, 

146.50 

2.79 

9.43 

0.31 

16, 

158.00 

- 

13.00 

0.99 

Average  < 

iaily 

gain 

1.45 

- 

- 

Calf  4. 


June  18, 

75.00 

4.00 

- 

- 

25, 

75.00 

4.71 

- 

- 

July    2, 

82.25 

3.29 

2.29 

0.15 

9, 

94.00 

- 

8.43 

0.56 

16, 

105.00 

- 

9.57 

0.63 

23, 

121.25 

- 

10.14 

0.66 

30, 

136.50 

- 

11.14 

0.73 

Aug.    6, 

142.50 

2.79 

9.48 

0.31 

13, 

157.76 

- 

18.00 

0.99 

15, 

166.00 

1 

1.37 

- 

13.00 

0.99 

Average  ( 

daily 

gain 

» 

1 

- 

- 
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CcUfB. 


Weight 
of  Animal 
(Poands). 

Average  Daily  Amount  of  Feed  consumed. 

WEEKLY  FERIODS 
(Datks). 

Whole  Milk 
(Quarto). 

Sklm-milk 
(Quart*). 

"Oleo" 
(Pounda). 

Cotton-seed 

Oil 
(Ounces). 

Com  Oil 
(Ounces). 

Aug.  14,  .        . 

22.  .        . 

28,  . 
Sept    4,  . 

10,  . 

18,  .        . 
24,  .        . 
Oct.      1,  . 

8,   .        . 

11,  .        . 

71.00 
83.50 
94.25 
102.00 
118.00 
123.60 
130.50 
137.50 
148.50 
152.00 

3.00 
5.13 
1.00 

0.75 

6.00 
8.14 
9.00 
9.25 
9.75 
9.00 
8.67 
12.00 

0.06 
0.38 

0.29 
0.13 

3.57 
7.00 
5.63 
7.17 
3.86 
3.43 
6.00 

0.50 

3.00 
2.57 

Av.  daily  gain. 

1.37 

- 

- 

- 

- 

- 

Calf  6. 


Weight 
of  Animal 
(Pounds). 

Average  Dailt  Amount  of  Feed 

CONSUMED. 

WEEKLY  PERIODS 

(Dates). 

Whole  Milk 
(Quarts). 

Sklm-mllk 
(Quarts). 

"Oleo" 
(Pounds). 

Aug.  14 

22 

28,  .        .        .        . 
Sept.    4,  . 

10 

17 

24 

26,  .        .        .        . 

87.00 

98.50 

109.00 

1 

115.00 
122.50 
131.60 
138.50 
144.00 

3.00 
5.13 
1.00 

0.75 
6.00 
8.14 
9.00 
9.57 
9.86 
11.00 

0.05 

0.38 
0.73 
0.84 
0.90 
0.88 
0.69 

Average  daily  gain, . 

1.30 

1 

- 

- 

1895.] 


PUBLIC  DOCUMENT  — No.  33. 


137 


Co^Z. 


Weight 
of  Animal 
(Pounds). 

Atxraob  Daily  Amount  of  Fkkd  consumed. 

WEEKLY  PEBIODS 
(Datbs). 

Whole  Milk 
(Quarts). 

Sklm-milk 
(Quarts). 

Jacket  Tal- 
low 
(Pounds). 

"Oleo" 
(Pounds). 

Stiirar 
(Pounds). 

Sept.    4,  .        . 

10,  .        . 

17.  .        . 

24,  .        . 
Oct     1,  . 

8,  .        . 

16,  .        . 

70.00 

77.00 

87.00 

98.00 

118.00 

137.60 

158.60 

6.00 
1.71 

4.67 

8.14 

9.86 

11.14 

12.14 

0.29 
0.61 
0.16 

0.41 
0.38 
0.38 

0.06 
0.47 
0.59 

Ay.  daily  gain, 

2.04 

- 

- 

- 
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Tables  givimo  Dbtailkd  Record  of  Each  Calf. 
Caifl. 


1 

? 

. 

1 

*1 

-1 

V. 

a 
-5 
O 

«1 
It 

1 

t0 

Date 
ov  Pbbiodi. 

i 

1 

M 

M 
OO 

2 
1 

o 

s 

III 

|5l 

-5 

1- 

I. 

If  ay  6  to  May  28, 

23.00 

154.00 

10.00 

1:4 

66.75 

99.00 

1.84 

7.58 

II. 

May  29  to  Jane  18, 

- 

178.00 

18.88 

1 : 4.4 

90.00 

184.00 

2.20 

6.48 

Totof  ^mot<n<  of  Feed  consumed  from  May  5  to  June  13, 1894. 


Dry  Matter 
(Pounds). 


Total  Cost 


Manorial 

Yalne 
Obtainable. 


23.00  quarts  whole  milk, 
332.00  quarta  Bkim-milk, 
23.83  pounds  "  oleo,"  . 


6.83 
69.34 
23.83 


to  69  '    to  04 

1  49  49 

2  50 


100.00 


$4  68 


»0  53 


Live  weight  of  the  animal  at  the  beginning  of  the  experiment,  66 .  75  lbs. 

Liyeweightof  the  animal  at  the  end  of  the  experiment,        .  134.00  ** 

Live  weight  gained  during  the  experiment^         .                .  67.25  '* 

Dressed  weight  of  the  animal, 74.00  •* 

Lossinweightby  dressing, 44.78  percent,         .        .        .  60.00" 

Founds  of  dry  matter  to  produce  1  ]K)und  of  live  weight,    ,  1 .  29  " 

Pounds  of  dry  matter  to  produce  1  pound  of  dressed  weight,  2 .  69  " 

Total  cost  of  feed  per  pound  of  live  weight  gained,     .        .  6 .  95  cts- 

Net  cost  of  feed  per  pound  of  live  weight  gained,        .        .  6 .  17  '* 
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Calf  2. 


! 

? 

>-* 
s 

1 

1 

a  ^ 

1 

H 

I 

a 

Patb 
ov  Periods. 

2 

i 

2 

a 
a 

33 

III 

aft, 

4- 

1 

1^1 

I. 

If  ay    6  to  May  28» 

45.00 

112.00 

7.60 

1:4.25 

68.75 

07.50  1.20 

0.10 

n. 

May  » to  Jane  11, 

- 

164.00 

11.60 

1:4.2 

97.50 

iao.25 

8.84 

5.84 

ni. 

Jane  12  to  Jane  26, 

- 

180.00 

15.60 

1:4.6 

180.25 

156.00  1.73 

0.51 

Total  Amount  of  Feed  consumed  from  May  5  to  June  26, 1894. 

Dry  Matter 
(Founds). 

Total  Coit. 

Manartal 
Value 

46.00  quarts  whole  milk,    .... 

446.00  quarto  skim-milk,      .... 

34.70  pounds  "  oleo," 

13.37 
93.14 
34.70 

tl  35 

2  01 

3  64 

$0  07 

66 

141.21 

$7  00 

f0  73 

Live  weight  of  the  animal  at  the  beginning  of  the  experiment,  68 .  75  lbs* 

Liveweightof  the  animal  at  the  end  of  the  experiment,        .  156.00  ^ 

Live  weight  gained  during  the  experiment,                         .  67.25  ** 

Dressed  weight  of  the  animal, 91.00  ** 

Jjossinweightby  dressing, 41.67  percent,        .        .        .  65.00** 

Pounds  ot  dry  matter  to  produce  1  pound  of  live  weight,    .  1 .  62  •* 

Pounds  of  dry  matter  to  produce  1  pound  of  dressed  weight,  S .  77  «* 

Total  cost  of  feed  per  pound  of  live  weight  gained,     .        .  8.02  cts. 

Net  cost  of  feed  per  pound  of  live  weight  gained,        .        .  7.19" 
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Calf  3. 

1 

Dati 
OF  Pbbiosi. 

1 

a 

-^ 

1 

'I 
of? 

i. 

c  • 

1 

s 

1 

P 

'41 

is? 

52  g 

I. 

Jane  IS  to  July  9, 

66.00 

122.00 

8.01 

1:4.2 

60.50 

02.00 

1.17 

9.7S 

n. 

July  10  to  July  23, 

1S8.00 

0.06 

1:4.1 

02.00 

119.60 

1.96 

S.7S 

m. 

July  24  to  Aug.  15, 

10.50 

261.00 

10.26 

1:4.3 

110.60 

153.00 

1.48       11. » 

TotoZ  Amount  of  Feed  consumed  from 

June  13  to  Aug.  15, 1894. 

Dry  Hatter 
(PoundB). 

Total  Cost. 

Hannrial 

Valuo 

Obtainable. 

75.50  quarts  whole  milk,    . 
521.00  quarts  skim-milk,      . 
36 .  33  pounds  "  oleo,"  .... 

• 

22.43 
109.77 

36.33 
168.53 

$2  27 

2  34 

3  81 
f  8  42 

$0   12 

77 

$0  89 

Live  weight  of  the  animal  at  the  beginning  of  the  experiment,  60 .  50  lbs. 

Live  weight  of  the  animal  at  the  end  of  the  experiment,      .  153.00   *- 

Live  weight  gained  during  the  experiment,          •        .        .  92.50   ** 

Dressed  weight  of  the  animal, 86.00   " 

Loss  in  weight  by  dressing,  43.79  per  cent.,         .        .  67.00   '• 

Pounds  of  dry  matter  to  produce  1  pound  of  live  weight,     .  1 .  82   " 

Pounds  of  dry  matter  to  produce  1  pound  of  dressed  weight,  3 .  24   " 

TotaJ  cost  of  feed  per  pound  of  live  weight  gained,      .        .  9 .  10  cts 

Net  cost  of  feed  per  pound  of  live  weight  gained,       -  .        .  8 .  14   ** 
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Calf  4. 


i 

-jk 

1 

•'% 

11 

1 

O 

l| 

1 

Datb 

or  PEBI0D8. 

g 

M 

i 

a 

I 

^ 

h 

It. 

1 

1 

CD 

s 

1 
O 

U 

IM 

pi 

ir 

i 

I. 

Jane  18  to  Joly  16. 

68.00 

143.00 

9.82 

1:4.2 

75.00 

105.00 

1.08 

10.99 

n. 

Jaly  17  to  Joly  90. 

- 

140.00 

9.78 

1:4.1 

105.00 

186.50 

2.25 

5.89 

m. 

July  81  to  Aag.  15, 

10.80 

188.00 

14.14 

1:4.4 

186.50 

156.00 

1.22 

14.82 

Total  Amouni  of  Feed  consumed  from  June  18  to  Aug.  15, 1894, 


Dry  Matter 
(Poands). 


Total  Coit. 


Mannrlal 

Value 
Obtainable. 


75.50  quarts  whole  milk,    . 
474.00  quarts  skim-milk, 
33 .  24  pomids  •*  oleo,"  . 


22.43 

98.99 

83.24 

154.66 


$2  27 

2  13 

3  49 
$7  89 


to  12 
70 


•0  82 


Liye  weight  of  the  animal  at  the  begimiing  of  the  experiment,  75 .  00  lbs- 
Live  weight  of  the  animal  at  the  end  of  the  experiment,  .  156 .  00  *' 
Live  weight  gained  during  the  experiment,  .  81.00  ** 
Dressed  weight  of  the  animal,  .  86.50  **' 
Lossin  weight  by  dressing,  44.55  percent,  .  .  .  69.50  ** 
Pounds  of  dry  matter  to  produce  1  pound  of  live  weight,  1.91  *^ 
Pounds  of  diy  matter  to  produce  1  pound  of  dressed  weight,  3 .  44  " 
Total  cost  of  feed  per  pound  of  live  weight  gained,  9 .  74  cts. 
Net  cost  of  feed  per  pound  of  live  weight  gained,        .  8.73  '^ 
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Calf  5. 


1 

Dat« 
or  Pbbiods. 

t 

1 

A 

9 

a 

1 

1 

O 

O 

i 

• 

5 

& 
S 

< 

1 

< 

e  • 

n 

1 

I. 

Aug.  U  to  Sept.  4. 

60.00 

M.OO 

4.68 

1.66 

- 

71.00 

102.00 

1.41 

8.40 

II. 

Sept.  6  to  Sept.  18, 

- 

128.00 

0.76 

6.44 

- 

102.00 

123.60 

I.M 

6.28 

III. 

Sept.  10  to  Oct.  11, 

- 

316.60 

- 

7.00 

2.02 

12S.60 

IA2.00 

1.24 

7.72 

Total  Amount  of  Feed  consumed  from  Aug,  14  to  Oct  11  ^  1894 


Dry  Matter 
(Poanda). 

Total  Cost 

Manorial 

Value 

OMainatde. 

60.00  quarts  whole  milk,    .... 

14.86 

f  1  60 

•0  08 

442.50  quarts  skim-milk,     .... 

92.41 

1   99 

65 

6.38  pounds  "oleo,'' 

6.88 

66 

- 

224.00  ounces  cotton-seed  oil, 

14.00 

1  79 

- 

42.00  ounces  com  oil,         .... 

2.63 

34 

- 

129.28 

$6  18 

$0  73 

Live  weightof  the  animal  at  the  beginning  of  the  experiment. 
Live  weight  of  the  animal  at  the  end  of  the  experiment,  . 
Live  weight  gained  during  the  experiment, .... 

Dressed  weight  of  the  animal 

Loss  in  weight  by  dressing,  per  cent., 

Pounds  of  dry  matter  to  produce  1  pound  of  live  weight,     . 
Pounds  of  dry  matter  to  produce  1  pound  of  dressed  weight. 
Total  cost  of  feed  per  pound  of  live  weight  gained, 
Net  cost  of  feed  per  pound  of  live  weight  gained. 


71.00  lbs. 
162.00   « 
81.00   «* 


1.60   •• 

7.63  ctB. 
6.73  ** 
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Calf  6. 

1 

DATS 
or  PERIOD!. 

! 

\ 

O 

If 

|. 

il 

III 

1"- 

1 

Coat  of  Feed  per  Pound 
of  Live  Weight  gidned 
(Genu). 

£ 

^ 

(B 

o 

< 

< 

I. 

Aiig.UtoAag.S2, 

44.00 

6.00 

0.87 

« 
•* 

87.00 

08.50 1  1.28 

12.04 

n. 

Aug.  88  to  Sept.  10, 

6.00 

147.00 

12.41 

1^ 
2 

08.50 

122.60 

1.26 

8.03 

in. 

Sept.  11  to  Sept.  26, 

- 

IM.OO 

13.03 

-* 

122.50 1 144.00 

1.34 

0.50 

Total  Amount  of  Feed  consumed  from  Aug.  14  to  Sept,  26^  1894. 

I,v_^         I  I   Manurlal 

lSa^S^''TotalCo.t.|      Value 
I  («»an<")-  I  I  Obtainable. 

50.00  quarts  whole  milk,    . 
803.00  qaarts  skim-milk,      . 
25.81  poimds  " oleo,** .... 


live  weight  of  the  animal  at  the  begiiming  of  the  experiment,  87 .  00  lbs. 

Live  weight  of  the  animal  at  the  end  of  the  experiment,        .  144 .  00  ** 

Live  weight  gained  during  the  experiment,          .  57.00  " 

Dressed  weight  of  the  animal 73.00  " 

Lossin  weight  by  dressing,  49.31  percent,  71.00  ** 

Pounds  of  dry  matter  to  produce  1  pound  of  live  weight,  1.82  *' 

Pounds  of  dry  matter  to  produce  1  pound  of  dressed  weight,  3.51   '' 

Total  cost  of  feed  per  pound  of  live  weight  gained,              .  9 .  77  cts. 

Net  cost  of  feed  per  pound  of  live  weight  gained,        .       .  8 .  84  *' 
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Calf  7. 


^ 

^ 

•S'S 

«•»     '5      ,'o'2 

1 

Datb 

1 

e 

f 

1 

sS 

IL 

II. 

11 
It 

ov  Pbbiods. 

1 

if 

1 

1 

"? 

III 

|o3 

I. 

Sept.  4  to  Sept.  24, 

42.00 

80.00 

6.M 

- 

- 

T 

10.00 

08.00 

1.88 

T.IS 

n. 

Sept.  86  to  Oot.  1, 

- 

09.00 

1.18 

8.88 

0.87 

08.00 

118.00 

8.80 

8.48 

III. 

Oct.  2  to  Oot.  16, 

- 

170.00 

- 

5.08 

7.00 

eo 

118.00 

168.60 

2.88 

4.70 

Total  Amount  of  Feed  consumed  from  Sept,  4  to  Oct.  16, 1894. 


Dry  Matter 
(Poandt). 


ManorUJ 

Velne 
ObtRlnaUe. 


42.00quart8  whole  milk,    . 
334.00  quarto  skim-milk, 
6.69  pomids  jacket  tallow, 
8 .  50  pounds  "  oleo,"  . 
8.06  pounds  sugar,    . 


12.47 

69.75 

6.69 

8.60 

8.06 

105.47 


tl  26 

1  50 

40 

89 

32 


$0  06 
49 


$4  87  >    |0  53 


Live  weight  of  the  animal  at  the  beginning  of  the  experiment,  70 .  00  lbs. 

Live  weight  of  the  animal  at  the  end  of  the  experiment,      .  153.50   " 

Live  weight  gained  during  the  experiment, .        .        .        .  63.50   " 

Dressed  weight  of  the  animal, 87.00   " 

Lossinweightby  dressing,  43.32  percent,          .        .        .  66.50   " 

Pounds  of  dry  matter  to  produce  1  pound  of  live  weight,    .  1.66   " 

Pounds  of  diy  matter  to  produce  1  pound  of  dressed  weight,  2 .  93   " 

Total  cost  of  feed  per  pound  of  live  weight  gained,      .        .  6.88  cts. 

Net  cost  of  feed  per  pound  of  live  weight  gained,        .        .  6 .  05   ^^ 
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Average  Analyses  ofMUks. 


FODDCB  ANALTBBS 

Sklm-mlllu 

Whole  Milk. 

Moisture  at  100°  C, 

Dry  matter, 

90.42 
9.58 

86.18 

13.82 

Analysis  of  Dry  Matter, 
Crude  ash, 

*'      cellulose, 

"fat, 

*•      protein, 

Non-nitrogenous  extract  matter, .... 

100.00 

8.14 

2.61 
85.23 
54.02 

100.00 

5.35 

83.43 
25.33 
35.89 

100.00 

100.00 

Fertilizing  Constituents. 
[Nitrogen  15  cents,  phosphoric  acid  5  cents,  potassium  oxide  5  cents,  per  pound  ] 


FKRTILXrKS  A»AI.7SS8. 


Whole  Milk. 


Moisture, 
Nitrogen, 
Phospnoric  acid,   . 
Potassium  oxide,  . 
Value  per  2,000  pounds, 
Manunal  value  obtainable,* 


90.42 
0.52 
0.18 
0.19 

91  93 
1  35 


86.18 
0.56 
0.19 
0.17 

92  04 
1  43 


*  Allowing  thirty  per  cent,  of  the  fertilizing  constituents  to  be  retained  in  the  sjs-^ 
tern  of  the  growing  animal. 


Local  Market  Value  of  the  Various  Foods. 

AVhole  milk  (j)er  gallon), 12.0  cts. 

Skim-milk  (per  gallon), 1.8   " 

Cotton-seed  oil  (per  gallon), f  1  00 

Com  oil  (per  gallon), 1  00 

Oleomargarine  (per  pound), 10.5  cts. 

Jacket  tallow  (per  pound), 5.5    " 

Brown  sugar  (per  pound), 4.0   *• 
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VIIL 

DIGESTION  EXPERIMENTS. 
1.     DIGESTION  EXPERIMENTS   WITH   SHEEP. 


By  J.  B.  LiNDSET,  R.  H.  Smith  akd  E.  B.  Holland. 


During  the  past  year  we  have  continued  the  study  of  the 
digestibility  of  the  concentrated  by-products  so  freely  offered 
for  sale  in  our  eastern  markets.  Especial  attention  has  been 
given  to  the  gluten  feeds  and  meals.  The  results  obtained 
with  the  gluten  feeds  are  not  as  yet  decisive.  The  coeffi- 
cients of  digestibility,  in  case  of  different  samples  of  these 
feeds,  appear  to  vary  considerably.  Whether  this  is  caused 
by  the  method  of  preparation  is  not  as  yet  clear.  Additional 
tests  will  be  made. 


Value  or  Digestion  Experiments. 

1.  A  food  is  valuable  as  a  source  of  nourishment  only  in 
so  far  as  its  vai'ious  constituents  can  be  digested  and  assimi- 
lated. Two  kinds  of  hay,  one  early  and  the  other  late  cut, 
might  be  consumed  in  equal  quantities  by  an  animal,  yet  the 
early  cut  hay,  having  more  digestible  matter,  would  prove 
the  more  valuable  fodder. 

For  one  to  form  an  intelligent  opinion  as  to  the  value  of 
different  fodder  stuffs,  the  amount  of  digestible  matter  they 
contain  must  be  known. 

2.  In  order  to  combine  the  different  fodder  stuffs  so  as  to 
obtain  properly  balanced  rations  for  our  farm  stock,  one 
should  know  the  percentages  of  the  different  digestible  con- 
stituents contained  in  each  of  the  several  foods. 
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The  Excreta  of  an  Animal,  — what  they  are. 

The  fseces  are  nothing  more  than  the  undigested  portions  of 
the  food.  They  are  the  portions  that  have  resisted  the  action 
of  the  various  secretions  of  the  stomach  and  digestive  fluids 
and  bacteria  of  the  intestines,  and  are  consequently  excreted 
by  the  animal  as  so  much  worthless  material.  The  urine  is 
entirely  distinct  from  the  faeces.  It  contains  the  water  and 
the  end  products  of  the  digestion  of  the  nitrogenous  portion 
of  the  food, — the  urea  and  hippuric  acid, — which  have 
been  removed  from  the  blood  by  the  kidneys.  It  also  con- 
tains about  one-third  of  the  phosphoric  acid  and  nearly  all 
of  the  alkalies  of  the  food  consumed  that  have  not  been 
retained  in  the  animal's  system,  and  small  quantities  of  other 
materials  that  it  is  unnecessary  to  consider  in  this  connection. 

How  THE  Digestible  Matter  of  a  Food  is  determined. 

First  ascertain  the  amount  and  composition  of  the  food 
consumed  by  an  animal  in  a  given  length  of  time,  also  the 
amount  and  composition  of  the  faeces  or  undigested  portion 
excreted  in  the  same  time  on  the  basis  of  dry  matter.  The 
difference  between  them  will  represent  the  amount  of  the 
various  constituents  of  the  food  digested. 

The  percentages  of  the  constituents  digested  are  called  the 
digestion  coefficients. 


A,  Single  Hhistration^  showing  how   the  Digestibility   of  a 
Fodder  is  determined. 

[Solid  manaiQ  eqnals  the  nndigested  part  of  food.] 
English  Hay, 


Dry 
Matter 

(Grams;. 

Crude 

Cellulose 
(Grams). 

Crude 

Fat 

(Grams) . 

Crude 
Protein 
(Grams). 

Extract 
Matter 

(Grams). 

"900  grams  hay  fed,  equal  to  . 

369.3  grams  manure  excreted,  equal  to 

765.86 
337.95 

250.68 
107.00 

23.57 
12.81 

82.58 
84.M 

348.69 
145.89 

Amount  of  hay  digested, 

Per  cent,  digested,  .... 

427.41 
55.84 

143.58 
57.30 

10.76 
45.65. 

47.94 
58.05 

202.80 
58.16 
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Methods  Employed. 

Four  sheep  were  used.  Nos.  1  and  2  were  four  years  old, 
and  Nos.  3  and  4  two  years.  The  full  details  of  the  method 
will  be  found  fully  described  in  the  eleventh  report  of  this 
station,  1893. 

Feeds  Tested. 
Hay  of  Mixed  Grasaes. 

The  hay  is  a  fair  average  of  that  grown  upon  the  station 
grounds.  It  was  harvested  the  latter  part  of  June,  when 
the  various  grasses  were  in  blossom.  The  grasses  of  which 
it  was  composed  were  principally  herds  grass,  red  top, 
Kentucky  blue  grass,  meadow  fescue,  sweet-scented  vernal 
grass,  together  with  a  fair  sprinkling  of  clover.  It  was  fed 
alone,  and  as  a  coarse  fodder  in  combination  with  the  differ- 
ent grains  tested. 

Vetch  and  Oats. 

The  vetch  and  oats  are  fed  by  us  as  a  substitute  for  hay. 
They  were  sown  at  the  rate  of  4  bushels  of  oats  and  40 
pounds  of  vetch  per  acre  about  the  middle  of  April.  These 
were  cut  in  late  blossom,  and  made  into  hay.  If  cut  in 
early  bloom  they  would  probably  prove  somewhat  more 
digestible. 

Neic-process  Linseed  Meal. 

Linseed  meal  is  the  flaxseed  remaining  after  the  oil  has 
been  removed.  In  case  of  the  new-process  meal  the  oil  is 
extracted  by  naphtha  or  some  similar  solvent,  and  is  in  con- 
sequence more  thoroughly  removed  than  by  pressure. 

Buffalo  Gluten  Feed. 

This  is  a  by-product  in  the  manufacture  of  starch  from 
com.  The  starch  is  separated  from  the  yellow  or  albumi- 
nous part  of  the  grain  by  means  of  water.  The  hulls  and 
germs  are  separated  by  screening.  After  the  starch  is  re- 
moved the  yellow  or  flinty  portion  is  mixed  with  the  germs 
and  hulls.     The  mixture  is  kiln-dried  and  partially  ground. 
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Peoria  Gluten  Feed. 

Similar  in  appearance  to  the  Buffalo,  but  the  sample  tested 
was  rather  inferior  in  composition.  It  is  probably  prepared 
from  com,  in  much  the  same  way  as  the  Buffalo  gluten  feed. 

Chicago  Maize  Feed. 

This  feed  is  also  prepared  from  com.  It  is  said  to  be  a 
mixture  of  the  yellow  albuminous  portion  and  the  hulls 
without  the  germ.  It  contains,  therefore,  somewhat  less  fat 
than  the  gluten  feeds.  The  hulls  are  not  ground  quite  as 
fine. 

Chicago  Gluten  Meal. 

This  is  the  yellow  albuminous  portion  of  the  corn  kernel. 
It  contains  much  less  fat  than  the  other  gluten  meals.  It 
was  in  good  mechanical  condition,  and  quite  dry. 


King  GliUen  Meat. 
This  meal  was  ground  very  fine.     It  contained  a  very  high 
percentage  of  fat  (19  per  cent.). 

Atlas  Meal. 

This  is  a  by*-product  obtained  from  com  or  grain  in  the 
process  of  the  manufacture  of  alcohol.  The  starch  of  the 
grain  is  converted  into  sugar  by  the  action  of  diastase,  and 
finally  into  alcohol  by  fermentation.  The  hull,  gluten  and 
germ  are  left  behind.  The  meal  is  probably  composed  of 
these,  together  with  an  admixture  of  malt  sprouts.  It  is  rich 
in  fat  and  albuminoids.  It  is  made  by  the  Atlas  Distilling 
Company,  Peoria,  111. 

Peanut  Feed, 

This  material  appears  to  be  peanut  shells  finely  ground, 
with  a  small  admixture  of  the  nut.  It  contained  over  50  per 
cent,  of  cellulose. 
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Soja-bean  Meal. 

The  beans  were  raised  upon  the  grounds  of  the  Hatch 
Experiment  Station.  The  quantity  necessary  for  the  ex- 
periment was  supplied  through  the  kindness  of  Professor 
Brooks. 

Rye  Meal. 

The  rye  was  raised  upon  the  station  grounds,  and  was  of 
good  average  quality. 

Winter  Wheat  Bran. 
A  fair  sample  of  genuine  winter  bran. 

Results  of  the  Experiment. 


Digestibility  of 

the  Foods. 

1* 

1 

Dry  Matter  (Per , 
Cent.). 

il 

II 

s. 

So 

Q  U 

h 

Hay  of  mixed  grMaei  (a) 

1 

4 

59 

62 

50 

58 

60 

Hay  of  mixed  grauee  (d). 

1 

3 

55 

57 

47 

58 

57 

Average  of  both  samples, 

2 

57 

60 

49 

58 

68 

Vetch  and  oats, . 

1 

2 

58 

66 

•    19 

60 

54 

New-process  linseed  me&l 

1 

2 

77 

90 

102? 

83 

87 

Buffalo  gluten  feed,  . 

1 

2 

90 

100 

94 

89 

89 

Peoria  gluten  feed,    . 

1 

2 

86 

78 

79 

83 

90 

Chicago  maize  feed,  . 

1 

2 

87 

82 

92 

85 

88 

Chicago  gluten  meal, 

1 

2 

93 

22 

97 

91 

97 

King  gluten  meal. 

1        1 

2 

85 

- 

95 

92 

84 

Atias  meal, 

'        1 

2 

80 

106? 

91 

73 

84 

Peanut  feed, 

1        1 

2 

32 

12 

90 

71 

49 

Soja-bean  mea), . 

1 

2 

82 

71 

86 

91 

76 

Rye  meal,  . 

'        1 

2 

87 

~ 

64 

84 

92 

Winter  wheat  bran,  . 

1        ' 

2 

62 

U 

67 

78 

72 
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Comments  on  the  Eesxilts. 
Hays, 

The  hays  prove  to  be  about  as  digestible  as  those  tested  a 
year  ago,  and  correspond  in  digestibility  very  closely  to  the 
figures  given  by  Wolff. 

Vetch  and  Oats. 

The  vetch  and  oats  hay  appears,  with  the  exception  of  the 
fat,  to  be  about  as  digestible  as  good  English  hay. 

Neiv-process  Linseed  Meal. 

This  test  corresponds  fairly  with  those  made  a  year  ago. 
The  animal  appeared  to  have  very  thoroughly  assimilated 
the  fet  of  the  meal. 

Buffalo  Gluten  Feed. 

This  sample  gives  distinctly  higher  digestion  percentages 
than  the  one  tested  a  year  ago.  The  reason  for  this  cannot 
be  given.  The  parallel  tests  in  each  case  agree  closely. 
Other  samples  will  be  procured  and  further  tests  made. 

Peoria  Gluten  and  Chicago  Maize  Feeds. 
These  two  gluten  feeds  .correspond  very  closely  one  with 
the  other  in  the  amounts  of  digestible  matter  they  contain. 
The  Peoria  feed  was  inferior  in   composition  to  the  maize 
feed. 

Chicago   Gluten  3l€aL 

As  there  is  comparatively  no  cellulose  in  this  and  the 
King  gluten  meal,  that  ingredient  is  not  to  be  considered. 
The  Chicago  meal  shows  an  exceptional  degree  of  digesti- 
bility, 93  per  cent,  of  the  entire  meal  having  been  assimi- 
lated. 

King  Gluten  Meah 

The  Eang  gluten  meal  was  also  quite  digestible,  85  per 
cent,  of  the  total  dry  matter  being  assimilated. 
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Atlas  Meal. 

This  meal  has  80  per  cent,  of  digestible  matter.  The  pro- 
tein is  about  73  per  cent,  digestible.  It  is  somewhat  inferior 
to  the  gluten  meals  in  digestibility,  although,  with  the  ex- 
ception of  the  increased  percentage  of  cellulose  present,  it 
resembles  them  in  composition.  The  cellulose  appears  in 
this  test  to  have  been  all  digested.  This  meal  is  a  valuable 
addition  to  our  feed-stuff  supply,  if  it  can  be  bought  at  a 
reasonable  price.     Additional  digestion  tests  will  be  made. 

Peanut  Feed. 

This  material  is  unquestionably  of  inferior  feeding  value. 
Its  dry  matter  was  but  32  per  cent,  digestible,  and  it  con- 
tained 54  per  cent,  of  cellulose,  of  which  but  12  per  cent, 
were  digested.  The  fat  and  protein  were  quite  well  assimi- 
lated, but  the  percentages  contained  —  especially  that  of  the 
protein  —  were  comparatively  small.  The  extract  matter 
was  only  49  per  cent,  digestible. 

Soja-bean  Meal. 

The  test  of  this  meal  was  not  entirely  satisfsEictory,  the 
variations  in  the  percentages  of  cellulose  and  fat  digestible 
in  case  of  the  two  sheep  being  too  large.  Wolff  gives  the 
results  of  but  two  single  trials  with  this  meal,  which  corre- 
spond fairly  with  the  figures  found  in  our  trial. 

jRye  Meal. 

Wolff  gives  no  direct  digestion  coefficients  for  rye.  Our 
results  make  it  appear  practically  as  digestible  as  the  com 
meal,  the  protein  even  more  so. 

Winter   Wheat  Bran. 

The  digestibility  of  this  bran  is  practically  the  same  as 
the  spring  bran  reported  last  year.  As  these  two  brans 
appear  to  have  also  the  same  percentage  composition,  they 
should  be  worth  the  same  price  per  ton.  Different  seasons 
might  exert  some  influence  on  composition  and  digestibility. 
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Details  op  the  Experiment. 

Dry  Matter  DetermincUions  made  aJt  the  Time  of  Weighing  oiU  the 
Different  Foods^  and  Dry  Matter  in  Manure  excreted. 

Shekp  I. 


PXBIODS. 

k 

3 

R 
O 

0 

s 

a 

o 

s 

5  . 

1 
"S 

5 

u 

i 

i 

« 

3 

i 

I.,    . 

.     .     .     . 

88.48 

- 

- 

- 

- 

- 

- 

84.30 

00.26 

Hn 

87.81 

- 

- 

- 

- 

- 

- 

- 

01.14 

IV., 

85.90 

80.30 

- 

- 

-. 

- 

- 

02.08 

■VI., 

88.40 

- 

90.08^ 

- 

- 

- 

- 

. 

01.84 

Tin., 

86.28 

- 

- 

- 

00.31 

- 

- 

- 

08.27 

3X., 

86.40 

- 

- 

01.62 

- 

- 

- 

- 

01.77 

ira., 

87.19 

- 

- 

- 

86.74 

- 

- 

04.06 

XIV., 

86.31 

- 

- 

- 

- 

86.20 

- 

03.26 

Sheep  II. 


I 

88.48 

- 

. 

- 

. 

. 

_ 

• 

80.58 

n. 

87.81 

- 

- 

- 

- 

- 
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- 

01.33 

Tin 

86.28 

- 

- 

- 

00.31 

- 
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- 

03.14 

IX 

86.40 

- 

- 

01.62 

- 

- 

- 

- 

01.17 

xin 

87.10 

- 

- 

- 

- 

85.74 

- 

- 

05.14 

Jtiv 

86.81 

- 

- 

- 

- 

- 

86.20 

- 

03.14 

Sheep  HI. 

PCRXODS. 

if 

» 

1 
1 

3 

u 

n 

a 

• 
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1 

1 

1 

1 

1 

1 

1 

1 

88.48 

- 

- 

- 

- 

- 

- 

- 

85.40 

01.00 

H..      . 

88.40 

- 

- 

- 

- 

- 

- 

- 

- 

01.01 

in... 

- 

86.12 

- 

- 

- 

- 

- 

- 

- 

01.71 

T.,     . 

86.28 

- 

01.86 

- 

- 

- 

- 

- 

- 

03.48 

vn.. 

86.40 

- 

- 

80.72 

- 

- 

- 

- 

- 

01.84 

X.,    . 

84.66 

- 

- 

- 

- 

01.04 

- 

- 

- 

04.66 

XI..  . 

87.86 

- 

- 

- 

- 

- 

00.43 

- 

- 

04.81 

xn.. 

86.31 

- 

- 

- 

- 

- 

- 

00.22 

- 

93.20 
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Sheep  IV. 


PXBIODS. 

i 

1 

1 

1 

1 

o 

3 

s 

a 

9 

a 

n 

1 

.a 

1 

i 

1 

i 

1 

H 

> 

n 

o 

£ 

< 

ft. 

a 

I.,        .           . 

.     88.48 

- 

- 

- 

- 

- 

- 

- 

- 

98.08 

II.,      .          . 

.     88.40 

- 

- 

- 

- 

- 

- 

- 

92.04 

III..    .           . 

^  j 

85.12 

- 

. 

- 

- 

- 

- 

90.73 

v.,    .      . 

.  I  86.28 

- 

91.86 

- 

- 

- 

- 

- 

- 

93.20 

VI.,  .        . 

.  ;  87.19 

- 

' 

- 

89.72 

- 

- 

- 

- 

94.88 

VII., 

.      86.49 

- 

89.72 

- 

- 

- 

- 

91.49 

X.,     .       . 

.     84.66 

- 

- 

- 

- 

91.04 

- 

- 

- 

94.46 

XI.,  .        . 

.      87.85 

- 

- 

-     ' 

- 

- 

90.43 

- 

- 

94.14 

XII.,.       . 

.     86.31 

- 

" 

- 

" 

- 

- 

90.22 

- 

93.20 

Composition  of  Feed  Stuffs, 
[Dry  Matter.] 


Crude 
Ash 
(Per 

Cent.). 

Crude 

Cellulose 

(Per 

Cent.). 

Crude 
Fat 
(Per 

Cent.). 

Crude 
Protein 

(Per 
Cent.). 

Extract 
Matter 

Cem.). 

Hav  (a)^ 

7.09 

32.09 
82.50 

8.23 
2.29 

11.17 
9.74 

46.42 

Hoy  (ft) 

7.99 

47.48 

Hav  (c) 

7.28 

83.43 

2.54 

9.74 

47.01 

Hay  id)  (average  6  and  c),  . 

7.63 

32.96 

2.41 

9.74 

47.24 

Vetch  and  oata, 

10.65 

85.95 

2.61 

13.42 

37.37 

Winter  wheat  bran,       .... 

7.59 

10.64 

4.97 

15.61 

61.19 

Boja-bean  meal, 

6.20 

4.50 

18.89 

88.47 

81.94 

New-process  Unseed  meal,  ... 

6.02 

8.04 

4.80 

41.38 

40.28 

Chicago  maize  feed,      .... 

0.80 

9.06 

9.00 

26.13 

65.01 

Buffalo  gluten  feed,      .... 

0.40 

8.46 

13.32 

22.98 

54.89 

Peoria  gluten  feed 

0.84 

8.30 

6.27 

19.24 

65.35 

Chicago  gluten  meal 

0.14 

1.78 

4.60 

87.09 

56.44 

King  gluten  meal 

1.50 

1.41 

19.68 

88.57 

88.84 

Peanut  feed, 

5.06 

64.40 

.      5.54 

12.06 

22.94 

Rye  meal, 

1.16 

1.79 
9.73 

1.79 
42.63 

18.63 
16.77 

81.63 

Atlas  meal 

1.03 

30.84 

Waste.BheepI 

10.91 

80.88 

8.42 

12.21 

42.58 

Waste,  Sheep  m. 

9.95 

32.16 

8.10 

11.37 

43.42 
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Composition  of  Fceces. 

[Dry  Matter.] 

Sheep  I. 


Crude 
Ash 
(Per 

Gent.). 

Crude 
Cellulose 

(Per 
Gent.). 

Crude 
Fat 
(Per 

Cent.). 

Crude 
Protein 

(Per 
Cent.). 

Extract 
Matter 

(Per 
Cint.). 

Period  I. 

H»y(a) 

0.01 

20.02 

8.80 

11.21 

45.07 

Period  XIV, 

Hay  (a)  and  winter  wheat  bran,    . 

11.41 

28.10 

4.61 

10.67 

46.22 

Period  VIII. 

0.01 

28.41 

8.80 

18.84 

44.88 

Period  IX. 

Hay  (a)  and  King  gluten  meal. 

0.50 

27.28 

4.78 

12.68 

45.81 

Period  IV. 

Hay  (a)  and  new-process  linseed 
meal, 

10.00 

20.78 

8.26 

14.60 

42.46 

Period  II. 

Hay(&) 

11.40 

81.84 

2.66 

0.06 

45.55 

Period  VI. 

' 

Hay  (d)  and  Peoria  gluten  feed,    . 

10.7ft 

20.88 

8.47 

10.04 

44.06 

i%Worf  XIII. 

Hay  (d)  and  rye  meal,     . 

11.08 

80.06 

8.20 

10.44 

46.23 

Sheep  n. 


Period  I. 

Hay  (a) 

8.87 

20.06 

8.76 

11.54 

46.88 

Period  XrV. 

Hay  (a)  and  winter  wheat  bran,    . 

11.78 

27.88 

8.68 

10.78 

46.68 

Period  VIII. 

Hay  (a)  and  Chicago  gluten  meal, . 

8.86 

20.28 

8.84 

12.04 

46.08 

Period  IX. 

Hay  (a)  and  King  gluten  meal,      . 

0.06 

20.21 

8.87 

12.19 

48.67 

PHiodll. 

Hay  (6) 

11.02 

80.40 

2.67 

10.18 

44.03 

Period  XIII. 

Hay  (d)  and  rye  meal,     . 

10.24 

20.49 

8.10 

0.72 

47.46 
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Sheep  HL 


Cmde 
A  eh 
(Per 

Cent.). 

Crude 
Cellaloee 

Cento. 

Crude 
Fat 
(Per 

Cent.). 

Crude 
Protein 

(Per 
Cent.) 

BxinacS 

Mattar 

(Per 

CenU). 

Period  I. 

Hftv  (a'S 

9.80 

28.94 

4.8A 

11.75 

45.66 

PiBrtod  xrL 

Hay  (a)  and  soja-bean  meal,  . 

11.21 

25.80 

6.26 

12.54 

44.10 

Period  V, 

Hay  (a)  and  Boflalo  glnten  feed,  . 

8.76 

26.81 

4.60 

12.72 

47.21 

Fariod  rn. 

Hay  (a)  and  Chicago  nudse  feed,  . 

8.26 

27.29 

4.29 

18.81 

46.85 

Period  IIL 

Vetch  and  oaU 

11.81 

29.88 

5.18 

12.51 

40.6S 

Period  IL 

Hay  (c). 

10. «7 

81. 6S 

8.07 

9.18 

45.5S 

Period  XL 

Hay  (d)  and  peanut  feed, 

9.70 

49.96 

1.92 

7.25 

81.17 

Period  X, 

Hay  ((f)  and  atlaa  meal,  . 

11.39 

27.49 

8.24 

16.21 

42.67 

Sheep  IV. 


Period  I. 


Hay  (a), 


Period  Xn. 
Hay  (a)  and  soJa-bean  meal,  . 

Period  F. 
Hay  (a)  and  Buffalo  glnten  feed, 

Period  VIL 
Hay  (a)  and  Chicago  malie  feed, 

Period  lU 
Vetch  and  oatfl. 


Period  IL 


Hay  (c). 


Period  XI. 
Hay  (d)  and  peanut  feed. 

Period  VI. 
Hay  (<2)  and  Peoria  glnten  feed, 

Pwiod  X. 
Hay  (d)  and  atlas  meal,  . 


9.28 


9.77 


8.85 


7.87 


12.12 


11.93 


8.07 


11.45 


12.82 


28.96 
25.76 
26.47 
27.48 
28.48 
81.26 
48.75 
28.04 
26.21 


6.17 


4.20 


4.18 


4.96 


2.09 


1.96 


8.84 


8.49 


12.61 


12.89 


18.81 


13.31 


8.94 


7.37 


10.60 


15.88 


47.02 


46.69 


47.50 


47.21 


41.18 


44.88 


83.86 


46.07 


42.60 
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Tables  showing  Food   fed  and    Water  drank  Daily,  the 

Ammint   of  Manure    excreted    and    the     Temperature 

Stables. 

Period  L 

[Food  oonsmned  daily :  900  grams  hay  (a)  and  5  grains  salt.] 


Daily 
of  the 


BUble 
Temper. 

atnre 
(Fahr.). 

Shebp  I. 

Bh»p  II. 

DATS. 

Manure 
excreted 
Daily.* 

Sample 
Air  Dry. 

Water 
drank 
Dally. 

Manure 

excreted 

Daily. 

Sample 
Air  Dry. 

Water 
drank 
Dally. 

1S»4. 

March  20, 

80, 

31,         . 
April     1,         . 

2»         . 

8,         . 

4, 

Degreee. 
87.0 

44.0 

85.6 

64.6 

46.0 

87.8 

41.6 

Grams. 
874 

866 

805 

888 

810 

008 

808 

Grams. 
84.06 

87.78 

81.80 

84.06 

80.58 

80.00 

82.18 

Grama. 
2,086 

2.068 

2,066 

2,128 

2,202 

2,167 

2.047 

Onuns. 
026 

1,010 
080 

1,040 
008 
884 
812 

Grams. 
83.30 

48.08 

87.86 

86.76 

84.60 

84.55 

82.08 

Grams. 
2,002 

1,780 

1,542 

1.860 

1,400 

1,570 

1,610 

Ayerages,     . 

42.8 

846 

84.27 

2,100 

081 

86.87 

1,608 

*  One-tenth  preeenred  a«  daily  sample  in  all  eases 

Weight  of  Sheep  I.  at  beginning  of  period, 
Weight  of  Sheep  II.  at  beginning  of  period, 
Weight  of  Sheep  I.  at  end  of  period,    . 
Weight  of  Sh^ep  11.  at  end  of  period,  . 


except  Period  IV. 

.        .        .    115.00  lbs. 

.     117.00    « 

.     114.50    " 

.     117.50    " 

[Food  consumed  dally :  900  grams  hay  (a)  and  6  grams  salt.] 


BUble 
Temper- 
ature 
(Fahr.). 

Shsxp  in. 

Shsbp  IV. 

Dati. 

Manure 

excreted 

Dally. 

Sample 
Air  Dry. 

Water 
drank 
Dally. 

Manure 

excreted 

Dally. 

Sample 
Air  Dry. 

Water 
drank 
Daily. 

March  20, 

80,         . 

31,        . 

April     1,         . 

2.         . 

8.         . 

4,        . 

44.0 
86.6 
64.6 
46.0 
87.6 
41.6 

Grams. 
823 

800 

000 

1,158 

807 

701 

788 

Grams. 
81.65 

87.04 

83.00 

80.31 

81.07 

82.76 

80.46 

Grams. 
1,035 

2,258 

1,682 

1,810 

1,428 

1,670 

1,048 

Grams. 
687 

621 

690 

780 

700 

642 

680 

Grams. 
83.71 

81.44 

33.07 

86.37 

84.47 

20.83 

82.86 

Grams. 
1,416 

1,604 

1.268 

1,600 

1,000 

1,150 

1,600 

A^eraget,     . 

42.8 

886 

83.72    ;       1.748 

i     «i 

82.80 

1,646 

Weight  of  Sheep  m.  at  beginning  of  period. 
Weight  of  Sheep  IV.  at  beginning  of  period. 
Weight  of  Sheep  HI.  at  end  of  period. 
Weight  of  Sheep  IV.  at  end  of  period. 


116.25  lbs. 
115.75   '* 
118.60   " 

117.26  " 
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Period  n. 

[Food  oonsnmed  dailj :  900  grams  haj  (h)  and  6  grams  salt.] 


Stable 
Temper- 
ature 
(Fahr.). 

1                  Senp  L     ' 

Bhsbp  II. 

Dats. 

Manure 

excreted 

Daily. 

Sample 
Air  Dry. 

Water 
draok 
Dally. 

Manure 

excreted 

Daily. 

Sample 
Air  Dry. 

Water 
drank 
Dally. 

ISM. 

September  27,. 

28,. 

».. 

80,. 

'October       1, . 

2,. 
8.. 

Degrees. 
58.0 

64.0 

00.5 

62.0 

50.5 

Grams. 
900 

038 

914 

008 

008 

082 

1,008 

Grams. 
86.08 

40.81 

80.00 

48.41 

87.28 

41.55 

40.85 

Grams. 
1,685 

1,861 

1.888 

2,908 

1,858 

2,078 

1,645 

Grams. 
1,176 

1,182 

1,087 

Grams. 
41.60 

40.84 

86.10 

Orams. 
1,688 

1,740 

1,581 

Averages,     . 

62.6 

048 

80.98 

1.810 

1,182 

30.54 

1,658 

Weight  of  Sheep  I.  at  beginning  of  period, 
Weight  of  Sheep  11.  at  beginning  of  period, 
Weight  of  Sheep  I.  at  end  of  period,    . 
Weight  of  Sheep  n.  at  end  of  period,  . 

*  Not  determined. 


116.50  IbB. 
114.00   " 
116.50  " 


[Food  consumed  daily :  900  grams  hay  (c)  and  5  grams  salt.] 


SUble 
Temper- 
ature 
(Falir.). 

Shbip  III. 

Shbbp  IV. 

Datb. 

Manure 

excreted 

Dally. 

Sample 
Air  Dry. 

Water 
drank 
Daily. 

Manure 

excreted 

Dally. 

Sample 
Air  Dry. 

Water 
draok 
Dally. 

1A94 
October  7*.      . 

8,      . 

0,      . 

10,  . 

11,  . 

12,  . 

13,  . 

Degrees. 
58.0 

57.0 

62.5 

52.5 

55.0 

57.5 

51.0 

Grams. 
804 

814 

758 

806 

880 

740 

812 

Grams. 
30.75 

80.80 

37.48 

40.56 

41.87 

86.15 

80.78 

Grams. 
1,000 

050 

1,325 

1,108 

1,175 

1,063 

1.200 

Grams. 
008 

1,134 

1,003 

000 

1,081 

818 

778 

Grams. 
30.S6 

80.16 

88.88 

87.26 
87.82 
86.57 
85.53 

Grams. 
1,685 

1,548 

1.402 

2.202 

468 

1,051 

1.787 

Averagee,    . 

56.2 

801 

80.20 

1,142 

050 

87.87 

1,577 

Weight  of  Sheep  m.  at  beginning  of  period, 
Weight  of  Sheep  IV.  at  beginning  of  period, 
Weight  of  Sheep  m.  at  end  of  period. 
Weight  of  Sheep  IV.  at  end  of  period, 


118.76  lbs. 
116.50  " 
118.00  " 
116.50  " 
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Pebiod  III. 
[Food  conramed  daily :  900  grami  vetch  and  oats  and  fi  giams  salt.] 


Stable 
Temper- 

aiare 
(Fahr.). 

Sheep  III. 

Shbbp  IV. 

Datb. 

ICanore 

excreted 

Daily. 

Sample 
Air  Dry. 

Water 
drank 
Dally. 

Manure 

excreted 

Dally. 

Sample 
Air  Dry. 

Water 
drank 
Dally. 

fieptemb«)r23,. 
24,. 
«,. 
26,. 
27,. 
28.. 

DeRTces. 
64.0 

64.0 

61.0 

57.0 

58.0 

64.0 

62.0 

Grams. 
842 

908 

1,262 

1,811 

1,061 

1,046 

1.029 

Grams. 
80.84 

34.65 

41.04 

85.98 

86.36 

87.52 

88.83 

Grams. 
2.115 

2,485 

2,500 

2,500 

8,160 

2,062 

1.588 

Grams. 
1,008 

1,086 

966 

1,018 

1,040 

1,018 

1,017 

Grams. 
83.58 

89.97 

84.04 

85.80 

84.48 

84.82 

85.69 

Grams. 
2,325 

2,500 

2,500 

2,500 

8,488 

2,068 

2,321 

Averages,     . 

61.4 

1,065 

87.88 

2,330 

1,022 

85.84 

2,527 

"Weight  of  Slieep  m.  at  beginning  of  period, 
Weight  of  Sheep  IT.  at  beginning  of  period, 
Weight  of  Sheep  III.  at  end  of  period, 
Weight  of  Sheep  IV.  at  end  of  period. 


119.50  lbs, 
118.50  " 
119.00  *' 
117.00  " 


Period  IV. 

,[Food  consumed  daily :  600  grams  hay  (a),  200  grams  new-prooess  linseed  meal  and 

5  grams  salt.] 


May  31, 
Jane  1, 

2. 

3,        . 

6, 

6,        . 
Averages, 


Date. 


Stable 
Temper- 

ature 
(Fahr.). 


Decrees. 
56.5 


62.0 
57.6 
64.0 

70.0 
59.6 
56.0 


60.8 


Sheep  I. 


Manure 
excreted 
Dally.* 


Grams. 
567 


562 
583 
679 
558 


505 


Sample 
Air  Dry. 


Grams. 
58.80 

49.48 

62.82 

49.80 

52.35 

56.50 

50.12 


54.20 


Water 

drank 
Dally. 


Grams. 
2,358 

2,500 

1,700 

1,888 

2,450 

8,455 

1,935 


2,112 


*  One-fifth  of  total  amount  excreted  preserved  as  dally  sample;  In  all  other  periods  one- 
tenth  preserved. 


Weight  of  animal  at  beginning  of  period, 
Weight  of  animal  at  end  of  period. 


117.00  lbs. 
115.75   " 
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Period  V. 

[Food  oonsnmed  daily :  600  grams  hay  (a) ,  250  grama  Bufiklo  glnten  feed  and  5 

grams  salt.] 


BUble 
Temper- 
ature 
(Fahr.). 

Bhkbf  III. 

SHnp  IV. 

Datb. 

Manare 

excreted 

Daily. 

Sample 
Air  Dry. 

excreted 
Daily. 

Sample 
Air  Dry. 

Water 
drank 
Daily. 

18M. 

May2,      .        . 

8.      .        . 

4,  .        . 

5,  .        . 

6,  .        . 

7,  .        . 

8,  .        . 

Degrees. 
76.5 

70.0 

61.5 

55.0 

70.0 

71.5 

Grams. 
544 

510 

588 

647 

624 

585 

600 

Grams. 
24.67 

24.28 

25.29 

28.06 

27.08 

28.67 

24.18 

Grams. 
2,077 

1,866 

1.928 

1,588 

1,829 

1.988 

1,961 

Grams. 
572 

521 

471 

698 

511 
511 
565 

Grams. 
25.82 

28.05 

22.86 

27.84 

24.44 

28.99 

27.11 

Grams. 
2.U13 

2;b7 

2.098 
1.865 
2,078 
1.872 

1.754 

Averages,     . 

67.4 

580 

25.81 

1.884 

536 

24.94 

1,980 

Weight  of  Sheep  HI.  at  beginning  of  period, 
Weight  of  Sheep  IV.  at  beginning  of  period, 
Weight  of  Sheep  III.  at  end  of  period, 
Weight  of  Sheep  IV.  at  end  of  period. 


115.75  lbs. 
116.50  •* 
115.00  " 
115.60  « 


Period  VI. 

[Food  oonsnmed  daily  by  Sheep  I. :  550  grams  hay  (d) ,  250  grams  Peoria  glnten 
feed  and  5  grams  salt ;  food  consumed  daily  by  Sheep  lY. :  600  grams  hay  (d),  250 
grams  Peoria  gluten  feed  and  5  grams  salt.] 


Shbep  I. 

Shbep  IV.* 

Datb. 

Stable 
Temper- 
ature 
(Fahr.). 

Manure 

excreted 

Daily. 

Sample 
Air  Dry. 

Water 
drank 
Daily. 

Stable 
Temper- 
ature 
(Fahr.). 

Manure 
excreted 
Daily. 

Sample 
Air  Dry. 

Water 
drank 
DaUy. 

1894. 

October  12,. 

18.. 
14,. 
16.. 
16.. 
17,. 
18.. 
19,. 

Degrees. 
56.6 

51.0 

54.0 

48.5 

48.0 

55.5 

51.0 

Grams. 
534 

041 

640 

766 

730 

094 

655 

Grams. 
22.10 

26.51 

25.73 

88.60 

80.06 

28.07 

28.18 

Grams. 
1,688 

1.080 

1.105 

2,100 

1.840 

892 

1,687 

36.5 
41.5 
48.0 
44.0 
80.0 
39.0 

Grams. 

569 
600 
628 
497 
607 
844 
850 

Grams. 

26.61 
28.00 
28.50 
24.28 
25.81 
88.10 
28.79 

Grams. 

943 

632 

647 

1.181 

1,626 

825 

1,188 

Averages, 

52.1 

667 

27.76 

1,477 

41.3 

656 

27.88 

998 

*  The  period  for  Sheep  17.  occupied  the  dates  November  13-10  inoloslve. 


Weight  of  Sheep  I.  at  beginning  of  period, 
Weight  of  Sheep  IV.  at  beginning  of  period. 
Weight  of  Sheep  I.  at  end  of  period,    . 
Weight  of  Sheep  IV.  at  end  of  period* 


111.76  lbs. 
113.50  '* 
113.50  '* 
118.25  " 
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[Food  consamed  daily: 


Period  VIL 

600  grains  hay  (a),  250  grams  Chicago  maize  feed  and 
5  grams  salt.] 


BUble 
Temper- 

atnre 
(Fahr.). 

Shsbp  UI. 

Shxxp  IV. 

Dati. 

Manare 

excreted 

Dally. 

Sample 
Air  Dry. 

Water 
drank 
Dally. 

Manure 

excreted 

Dally. 

Air  Dry. 

Water 
drank 
Daily. 

18M. 

May  15,    .       . 

16,  .       . 

17,  .       . 

18,  .       . 

19,  .        . 

20,  .        . 

21,  .       . 

68.0 
64.0 
66.0 
64.6 
68.0 
67.0 

Grams. 
594 

573 

587 

613 

628 

851 

1,064 

Grams. 
27.00 

24.21 

23.92 

28.46 

24.03 

15.76 

37.09 

Grams. 
2,137 

2,114 

1,730 

1,770 

1,640 

1,784 

1,255 

Grams. 
611 

607 

667 

528 

618 

686 

620 

Grams. 
28.73 

28.24 

28.00 

25.93 

28.68 

27.31 

29.44 

Grams. 
2,325 

2,441 

2,018 

1,830 

2.819 

1,507 

1,125 

Averages,     . 

61.7 

607 

26.20 

1,776 

662 

26.62 

1,866 

Weight  of  Sheep  in.  at  beginning  of  period, 
Weight  of  Sheep  IV.  at  beginning  of  period, 
Weight  of  Sheep  m.  at  end  of  period, 
Weight  of  Sheep  IV.  at  end  of  period. 


117.00  lb8. 
117.00  " 
119.60  " 
120.00  " 


pebiod  vm. 

[Food  consumed  daily :  650  grams  hay  (a),  200  grams  Chicago  gluten  meal  and  6 

grams  salt.] 


Stable 
Temper- 
ature 
(Fahr.). 

Sresp  I. 

Shebp  II. 

Datb. 

Manure 

excreted 

Dally. 

Sample 
Air  Dry. 

Water 
drank 
Dally. 

Manure 

excreted 

Daily. 

Sainple 
Air  Dry. 

Water 
drank 
Dally. 

18M. 
Mayl,     .       . 

2,     .       . 

8.     .       . 

6,      .        . 
6.      .       . 

Degrees. 
70.0 

76.6 

70.0 

61.6 

66.0 

70.0 

71.6 

Grams. 
634 

642 

636 

668 

669 

777 
714 

Grams. 
24.12 

26.72 

26.65 

26.51 

26.97 

29.16 

24.47 

Grams. 
2,253 

2,457 

8.428 

2,160 

1,968 

2.852 

2.500 

Grams. 
794 

820 

821 

727 

822 

684 

728 

Grams. 
23.08 

26.74 

26.60 

25.37 

28.83 

24.39 

26.28 

Grama. 
2,100 

2,426 

2.106 

1,864 

1,774 

1,916 

2.116 

Averagea,     . 

67.8 

661 

26.28 

2,444 

770 

25.90 

2.0U 

Weight  of  Sheep  I.  at  beginning  of  period. . 
Weight  of  Sheep  n.  at  beginning  of  period, 
Weight  of  Sheep  I.  at  end  of  period,    • 
Weight  of  Sheep  IL  at  end  of  period,  . 


113.25  lbs. 

117.26  " 
112.75  " 
117.75  • 
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Pebiod  IX. 

[Food  oonsmned  daily:  660  grams  hay  (a).  200  grams  King  gluten  meal  and  5 

grams  salt.] 


Stable 
Temper- 
ature 
(Fahr.). 

Bhxep  II. 

DATS. 

Mannre 

excreted 

Dally. 

Sample 
Air  Dry. 

Water 
drank 
Daily. 

Manure 

excreted 

Daily. 

Sample 
Air  Dry. 

Water 
drank 
Dally. 

ISM. 

Mayl6.    .       . 

16.  .       . 

17.  .       . 

18.  .       . 
10,    .       . 

20,  .       . 

21,  .       . 

Degrees 
60.6 

58.0 

64.0 

65.0 

64.5 

63.0 

57.0 

Grams. 
646 

647 

677 

499 

663 

690 

667 

Grams. 
28.46 

80.42 

20.67 

21.20 

28.27 

26.67 

29.26 

Grams. 
8.008 

8.721 

1.968 

2.600 

2.406 

2.218 

2,262 

Grams. 
682 

675 

670 

780 

673 

710 

810 

Grams. 
28.71 

82.47 

27.60 

29.35 

26.47 

25.86 

28.98 

Grams. 
1,838 

2.167 

2.123 

2,065 

1.S69 

1.952 

2,016 

Averagea,     . 

61.7 

624 

27.69 

2,682 

716 

28.48 

2,004 

Weight  of  Sheep  I.  at  beginning  of  period, . 
Weight  of  Sheep  II  at  beginning  of  period. 
Weight  of  Sheep  I.  at  end  of  period,    • 
Weight  of  Sheep  U.  at  end  of  period,  . 


lU.751b8. 
118.00  " 
116.60  " 
119.26  " 


Period  X. 
[Food  consumed  daily :  650  grams  hay  {d),  200  grams  atlas  meal  and  6  grams  salt] 


Stable 
Temper. 

ature 
(Fahr.). 

Bhksp  III. 

Bhxbp  IV. 

Datb. 

Manure 

excreted 

Dally. 

BaoQple 
Air  Dry. 

Water 
drank 
DaUy. 

Manure 

excreted 

Daily. 

Sample 
Air  Dry. 

Water 
drank 
Daily. 

1894. 

December  1,    . 

2.    . 
8.    . 

4.    • 
6.     .. 

6.  . 

7,  . 

Dcfrrees. 
32.0 

41.0 
83.0 
31.5 
27.0 
33.0 

Grams. 
610 

526 

606 

684 

635 

626 

692 

Grams. 
84.89 

25.87 

30.06 

32.16 

30.22 

28.91 

29.05 

Grams. 
67 

2.264 
968 
897 
873 
690 

1.397 

Grams. 
994 

764 

671 

856 

747 

566 

624 

Grams. 
33.00 

29.19 

24.72 

35.23 

33.49 

26.00 

29.22 

Grams. 
1.103 

1,758 
936 

1.697 
730 

1.872 

1,292 

Averagea,     . 

32.9 

626 

30.17 

1.021 

743 

30.12 

1.265 

Weight  of  Sheep  ITT.  at  beginning  of  period. 
Weight  of  Sheep  IV.  at  beginning  of  period, 
Weight  of  Sheep  TIT.  at  end  of  period. 
Weight  of  Sheep  IV.  at  end  of  period, 


117.00  lbs. 
113.60  " 
119.50  " 
117.60  •* 
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Period  XL 

[Food  oonsiimed  daily:  660  grama  haj  (li),  300  grams  peannt  feed  and  6  grams 

salt.] 


Stable 
Temper- 
ature 
(Ptthr.). 

Shebp  ni. 

Shebp  IV. 

Datk, 

Manure 
excreted 
Daily. 

Sainple 
Air  Dry. 

Water 
drank 
Daily. 

Manure 

excreted 

Daily. 

Sample 
Air  Dry. 

Water 

drank 
DaUy. 

1894. 

October     28,  . 

29.. 

80.  . 

81.. 

IToTeniber  1.  . 

2.. 

8,. 

Dei!rrc«8. 

67.0 
61.0 
56.6 
62.6 
60.0 
69.0 
64.9 

Grams. 
820 

788 

818 

792 

784 

773 

862 

Grams. 
42:72 

43.03 

44.40 

40.17 

42.29 

40.53 

46.43 

Grams. 
988 

1,213 
028 

1,160 

1.286 
904 

1,080 

Grams. 
762 

808 

766 

786 

685 

777 
704 

Grams. 
46.61 

46.38 

43.47 

42.39 

38.81 

41.80 

38.08 

1,068 
2.088 
26 
1,677 
876 
1,012 

Areragee.     . 

803 

42.67 

1.091 

748 

42.65 

1.192 

Weight  of  Sheep  HI.  at  beginning  of  period, 
Weight  of  Sheep  IV.  at  beginning  of  period. 
Weight  of  Sheep  III.  at  end  of  period. 
Weight  of  Sheep  IV.  at  end  of  period, 


114.60  lbs. 
113.00  " 
116.00  " 
113.00  «* 


Period  Xn. 

[Food  consumed  daily:  600  grams  hay  (rf),  250  grams  soja-bean  meal  and  6 

grams  salt.] 


Stable 
Temper. 

ature 
(Fahr.). 

Sheep  III. 

Sheep  IV. 

Date. 

Manure 

excreted 

Daily. 

Sample 
Air  Dry. 

Water 
drank 
Dally. 

Manure 

excreted 

Dally. 

Sample 
Air  Dry. 

Water 
drank 
Daily. 

April  13,  .       . 
14..        . 
16,.        . 
16..        . 
17..        . 
18,.        . 
19,.        . 

46.0 
60.0 
65.6 
56.0 
59.6 
68.0 
60.0 

Grams. 
607 

727 

559 

577 

679 

683 

705 

Grams. 
26.70 

34.56 

29.00 

24.20 

28.17 

24.26 

29.45 

Grams. 
1,828 

1,669 

1,280 

1,M5 

2,066 

1,187 

1.905 

Grams. 
629 

649 

729 

696 

603 

634 

697 

Grams. 
25.40 

26.09 

86.68 

24.42 

22.84 

22.92 

26.39 

Grams. 
1.705 

2.183 

1.886 

1.630 

2.091 

2.255 

2,322 

-  Averages,     . 

56.0 

647 

28.06 

1,654 

648 

26.25 

1,989 

Weight  of  Sheep  HI.  at  beginning  of  period. 
Weight  of  Sheep  IV.  at  beginning  of  period, 
Weight  of  Sheep  III.  at  end  of  period. 
Weight  of  Sheep  IV.  at  end  of  period, 


114.00  lbs. 
113.60   " 
112.76    " 
114.00   *• 


164  AGRICULTURAL  EXPERIMEKT  STATION.  [Jan. 


Period  XTTT- 

[Food  consnmed  daily :  660  grams  hay  {d),  800  grama  xye  meal  and  6  gcams  salt] 


Stoble 
Temper- 

atoro 
(Fahr.). 

Bhkep  I. 

Sbkkp  n. 

DATS. 

Maonre 

ezcretod 

Dally. 

Sample 
Air  Dry. 

Water 
draDk 
Daily. 

Mann  re 

excreted 

Dally. 

Bample 
Air  Dry. 

Water 
drank 
Dally. 

1S94. 

November  18, . 

16,. 
16,. 
17,. 
18.. 
19.. 

Degrees. 
36.6 

41.6 

48.0 

44.0 

80.0 

30.0 

Grams. 
680 

684 

608 
638 
686 
618 
608 

Grams. 
28.44 

26.84 

27.21 

26.73 

28.76 

24.60 

24.09 

Grams. 
1,088 

1,250 

1,220 

1,490 

1,780 

1.121 

886 

Grams. 
688 

6a 

646 
616 
617 
688 

668 

Grams. 
25.33 

27.36 

27.60 

27.10 

26.66 

26.09 

'27.99 

Grams. 
670 

888 

602 
1,065 
1,327 

864 
1,002 

Averagefl.     . 

41.3 

616 

26.58 

1.266 

622 

26.72 

860 

Weight  of  Sheep  I.  at  beginniDg  of  period, . 
Weight  of  Sheep  II.  at  beginniug  of  period^ 
Weight  of  Sheep  I.  at  end  of  period,    • 
Weight  of  Sheep  IL  at  end  of  period,  . 


113.00  lbs. 
113.00  " 
113.00  " 
113.00  ** 


Feriod  XIV. 

[Food  consnmed  daily:  600  grams  hay  (a),  300  grams  winter  wheat  bran  and  5 

grams  salt.] 


Stable 
Temper- 
ature 
(Fahr.). 

Shbbp  I. 

Shisp  11. 

•      DATS. 

Manure 

excreted 

Dally. 

Sample 
Air  Dry. 

III 

Mannre 

excreted 

Dally. 

Bample 
Air  Dry. 

Water 
drank 
Dally. 

ISM. 

April  13.  .        . 

14,.        . 

16..        . 
16,.        . 
17..       . 
18.,        . 
19..        . 

Dejfrees. 
46.0 

60.0 

66.6 

66.0 

60.6 

68.0 

60.0 

Grams. 
1,181 

089 
1,002 

978 
1,080 

969 
1,057 

Grams. 
88.21 

81.82 

88.28 

82.47 

84.40 

82.19 

33.40 

Grams. 
1,644 

1.869 

2,226 

2,108 

2,146 

2,161 

2.804 

Grams. 
1.017 

1.093 

088 

1.116 

1,172 

1,124 

1,167 

Grams. 
81.64 

84.24 

30.62 

83.30 

34.46 

88.09 

32.48 

Gnuns. 
1.609 

1,528 

2,061 

2.000 

1.803 

1,847 

2,193 

Averagee,     . 

65.0 

1.035 

83.68 

2,065 

1,096 

82.88 

1,872 

Weight  of  Sheep  I.  at  beginning  of  period, 
Weight  of  Sheep  n.  at  beginning  of  period. 
Weight  of  Sheep  I.  at  end  of  period,    , 
Weight  of  Sheep  U.  at  end  of  period,  . 


lU.25Ib8. 
117.00  •• 
113.75  « 
117.00  - 
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The  data  presented  in  the  preceding  tables  enable  us  to 
calculate  the  digestion  coefficients,  which  follow :  -^ 

Febiod  I. 

English  Hay  (a). 
Sheep  I. 


Dry 

Hatter. 

Grade 
CeUnlose. 

Omde 
Fat. 

Crude 
Protein. 

Extraot 
Matter. 

900  grams  bay  fed 

72  grama  watte,     •       .       .       .       . 

706.82 
60.00 

255.58 
18.74 

25.72 
2.08 

88.94 
7.41 

860.64 
25.84 

Total  ooDeomed,     .... 
842.71  grams  manure  air  dry, 

786.68 
800.47 

236.70 
92.50 

28.64 
12.03 

81.58 
84.60 

848.80 
142.16 

Gnuna  digested,    ...... 

Per  oent.  digested 

426.16 
57.08 

144.20 
60.00 

11.61 
49.11 

40.84 
57.45 

201.64 
58.66 

Sheep  n. 


000  grams  hay  fed,         .       .'       .       . 
868.66  grams  mapure  air  dry,      . 

706.82 
880.54 

255.58 
99.08 

25.72 
12.89 

88.94 
88.14 

869.64 
158.80 

Grams  digested, 

Per  cent,  digested 

465.78 
58.40 

156.50 
61.24 

13.83 
51.82 

50.80 
57.11 

216.84 
58.52 

Sheep  HI. 


900  grams  hay  fed,         .... 

706.82 

255.58 

25.72 

88.94 

869.64 

78  grams  waste, 

62.84 

20.04  ' 

1.98 

7.08 

27.06 

Total  consumed 

788.08 

285.40 

23.79 

81.86 

842.58 

887.27  grams  manure  air  dry, 

807.02 

88.85 

18.85 

86.07 

140.19 

Grams  digested, 

426.96 

146.64 

10.44 

45.79 

202.89 

Per  cent,  digested,        .... 

58.17 

62.27 

43.88 

55.88 

59.07 

Sheep  IV. 


900  grams  hay  fed,        • 
328.91  grams  manure  air  dry. 
Grams  digested,     . 
Per  cent,  digested. 
Average  per  oent.  digested, . 


796.82 
806.02 


400.80 
61.57 
69.04 


255.58 
88.62 


166.91 
65.82 
62.44 


26.72 
11.90 


13.82 
53.73 
49.63 


88.94 
83.35 


55.59 
62.49 
58.23 


869.64 
143.80 


225.75 
61.07 
69.83 


Average  nntritive  ratio  of  ration  for  four  sheep,  1 : 8.00. 
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Period  II. 

English  Hay  (6). 
Sheep  I. 


Dry 
Matter. 

Crude 
Celluloae. 

Crude 
Pat. 

Crude 
Protein. 

Exttaci 
Matter. 

900  gnmi  hay  f  ed 

899.78  gmns  mannre  air  dry, 

790.80 
884.34 

250.84 
114.19 

18.10 
9.86 

78.97 
82.97 

876.24 
188.00 

Orami  dlgMtod, 

Per  cent,  dlgcated,        .... 

428.96 
68.80 

142.86 
66.64 

8.46 
48.87 

44.00 
67.10 

200.24 
66.78 

Sheep  U. 


900  grama  hay  fed, 
896.48  grams  mannre  air  dry, 
Grama  digested,    . 
Per  cent,  digeated, 


790.80 
881.16 


420.16 
64.83 


268.84 
109.79 


147.08 
67.26 


18.10 
9.29 


8.81 
48.86 


76.97 
88.78 


40.21 
62.23 


876.24 
182.27 


212.97 
66.78 


English  Hay  (c). 
Sheep  m. 


900  grams  hay  fed 

892.01  grams  manure  air  dry. 

795.60 
860.26 

265.06 
118.60 

20.21 
11.06 

77.49 
88.07 

874.01 
164.10 

Grams  digested, 

Per  cent,  digested 

436.84 
64.72 

152.36 
67.80 

9.16 
45.28 

44.42 
67.82 

209.91 
68.12 

Sheep  IV. 


900  grams  hay  fed 

795.60 

265.06 

20.21 

77.49 

874.01 

378.69  grams  manure  air  dry. 

848.44 

108.92 

10.41 

81.15 

166.88 

Grams  digested 

447.16 

157.04 

9.80 

46.84 

217.68 

Per  cent,  digested 

66.20 

69.04 

48.50 

60.82 

68.19 

Average  per  cent,  digested, . 

54.94 

57.29 

48.82 

58.10 

56.69 

Average  nutritive  ratio  of  ration  for  Sheep  I.,  III.  and  FV.,  1 :  8.59. 

Hays  6  and  c  were  from  the  same  lot,  but  the  tests  were 
made  at  different  tunes  and  two  separate  samples  were  taken. 
The  average  of  the  analyses  of  the  two  analyses  and  of  the 
digestion  coefficieuts  from  Sheep  I.,  III.  and  IV.  was  used  in 
CJomputing  the  digestibility  of  the  grams  fed.     This  average 
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has  been  called  hay  d.  Sheep  H.,  while  the  results  are 
given  above,  was  not  included  in  the  average.  The  period 
in  case  of  this  sheep  lasted  but  three  days,  and  the  amount 
of  protein  digested  is  too  low. 

P£RIOD  III. 

Vetch  and  OcUa, 
Sheep  HI. 


Dry 
Matter. 

Grade 
OellQloae. 

Grade 
Fat. 

Grade 
Protein. 

Bztraot 
Matter. 

900  grama  reteb  aod  oata  fed, 
864.5  grama  manure  air  dry, 

706.06 
821.21 

276.41 
06.08 

19.00 
16.04 

102.81 
40.18 

280.80 
180.48 

Grama  digeated, 

Per  cent,  digeated,        .... 

444.87 
68.07 

170.48 
66.16 

8.86 
16.76 

62.68 
60.02 

156.82 
64.42 

Sheep  IV. 


900  grama  vetah  and  oata  fed, 
853.4  grama  manure  air  dry, 
Orama  digeated,    . 
Per  oent.  digeated, 
Average  per  eent.  digeated, . 


766.08 
820.68 


446.40 
68.14 
58.10 


275.41 
01.17 

66.88 

ee.ot 


10.99 
15.91 


4.08 
90.40 
18.57 


102.81 
42.68 


60.18 
58.48 
59.70 


286.80 
182.06 


164.24 
58.88 
54.15 


Average  nutritive  ratio  of  ration  for  two  sheep,  1 : 5.64. 


Period  IV. 

NeW'process  Linseed  MecU. 
Sheep  L 


Dry 
Matter. 

Grade 
GellQlose. 

Grade 
Fat. 

Grade 
Protein. 

Extract 
Matter. 

600  grama  hay  fed,         .       .       .       . 

516.00 
178.80 

165.50 
14.88 

16.66 
7.68 

57.63 
78.08 

230.42 

71.08 

271.04  grame  manure  air  dry, 

604.80 
262.06 

179.88 
75.06 

24.84 
8.21 

181.61 
86.54 

811.40 
107.02 

Amount  digeated,    . 
Mlnue  hay  digeated 

442.74 
804.68 

104.82 
108.80 

16.18 
8.27 

05.07 
83.57 

204.88 
142.04 

Per  cent,  dlgeeted,        .       .       .       . 

188.11 
n.24 

1.48 
90.47 

7.86 
102.20? 

61.50 
83.12 

02.84 
86.60 

Nutritive  ratio  of  ration  for  one  sheep,  1 :  3.68. 
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Period  V. 

Buffalo  Oluten  Feed. 

Sheep  HL 


Dry 
Matter. 

Cmde 
CeUuloae. 

Omde 
Fat. 

Crude 
Protein. 

Bxtrael 
Matter. 

000  grama  hay  fed. 

250  grama  Buffalo  glatan  feed, 

617.68 
229.82 

186.12 
10.44 

16.72 
80.61 

67.82 
62.60 

240.31 
126.16 

Total  oonaomed,     . 
258.11  grama  manure  air  dry, 

747.60 
288.81 

185.56 
68.48 

47.88 
10.64 

110.61 
80.10 

866.46 

111.70 

ToUl  digested, 
Minna  hay  digeated,      .       . 

610.80 
806.84 

122.18 
108.72 

86.60 
8.80 

80.41 
88.67 

264.76 
142.67 

Bemaina  gluten  feed  dlgeated, 
Per  cent,  digested, 

205.26 
80.85 

18.41 
04.60 

28.80 
02.74 

46.74 
88.00 

112.19 
88.98 

Sheep  IV. 


Total  conanmed,  aa  above,    . 

747.60 

186.66 

47.83 

110.61 

866.46 

240.48  grama  manure  air  dry. 

282.46 

61.61 

9.76 

80.00 

110.65 

ToUl  dlgeated,        .... 

616.04 

124.06 

37.67 

80.61 

265.81 

Mlnua  hay  dlgeated 

906.64 

108.72 

8.80 

83.67 

142.67 

Bemaina  gluten  feed  digested,     . 

200.40 

20.83 

29.27 

46.84 

113.24 

Per  cent,  dlgeated,        .... 

01.11 

104.66? 

96.61 

88.88 

80.76 

90.2S 

98.60 

94.17 

88.71 

88.M 

Average  nutritiye  ratio  of  ration  for  two  sheep,  1 :  5.85. 


Period  VI. 

Peoria  Oluten  Feed, 

Sheep  I. 


Dry 
Matter. 

Crude 
Cellulose. 

Crude 
Fat. 

Crude 
Protein. 

Extract 
Matter. 

650  grama  hay  fed, 

250  grama  Peoria  gluten  feed, 

486.20 
226.20 

160.30 
18.60 

11.78 
14.12 

47.86 
43.82 

229.97 
147.16 

Total  conanmed,     . 

711.40 
264.06 

178.99 
78.19 

26.88 
8.84 

90.67 
27.89 

877.13 
114.64 

Amount  digested,   . 
Mlnua  hay  digested,      . 

456.44 
267.11 

102.80 
91.88 

17.04 
6.61 

02.79 
27.61 

262.49 
180.87 

Per  cent,  digested. 

180.33 
84.07 

10.97 
68.09 

11.58 
81.68 

36.28 
81.42 

188.12 
89.77 

1895.] 
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Pebiod  VI.  (Peoria  OltUen  Feed)  ■ 
Sbeef  IV. 


■  Conoladed. 


Dry 
Matter. 

Crude 
Cellulose. 

Crude 
Fat. 

Crude 
Protein. 

Extract 

Matter. 

000  grams  hay  fed,        .... 

62S.aO 

172.60 

12.66 

60.06 

247.47 

280  grams  Peoria  gluten  feed,      . 

224.80 

18.02 

14.06 

48.16 

146.68 

Total  eoDsamed, 

747.60 

191.12 

26.72 

04.11 

804.06 

278.76  grams  manure  air  dry, 

264.40 

74.16 

10.16 

28.08 

121.85 

Amount  digested,   • 

488.01 

116.96 

16.66 

66.06 

272.20 

Minns  bay  digested*      .       .       . 

287(44 

98.82 

6.03 

20.60 

140.20 

196.67 

18.14 

10.68 

86.48 

181.01 

Per  cent,  digested. 

87.10 

97.44 

76.68 

84.68 

80.99 

Average  pet  eent.  two  sheep  digested. 

85.68 

78.06 

78.60 

82.97 

86.86 

Average  nutritive  ratio  of  ration  for  tw 

D  sheep. 

1:6.60. 

Period  VII. 

Chicago  Maize  Feed. 

Sheep  HI. 

Dry 
Mailer. 

Crude 
Cellulose. 

Cmde 
Fat. 

Crude 
Protein. 

Extract 
Matter. 

000  grams  hay  fed,        .... 

618.04 

166.62 

16.76 

67.96 

240.80 

260  grams  Chicago  maize  feed. 

221.80 

20.82 

20.10 

66.60 

128.80 

Total  consumed,     . 

743.24 

186.84 

86.06 

116.66 

864.28 

201.06  grams  manure  air  dry. 

280.27 

66.29 

10.26 

88.04 

110.00 

Amount  digested,  • 

608.07 

121.66 

26.69 

83.62 

268.88 

Minns  hay  digested,      . 

306.88 

108.08 

8.82 

88.76 

142.02 

Remains  gluten  feed  digested, 

107.69 

17.67 

18.37 

49.  n 

110.46 

88.00 

86.46 

01.00 

84.92 

80.52 

Sheep  IV. 

Total  consumed,  as  above,     . 

743.24 

186.84 

86.96 

116.66 

864.28 

206.10  grams  manure  air  dry. 

248.68 

66.92 

10.06 

82.41 

114.07 

Totol  digested. 

490.71 

119.92 

26.90 

84.16 

240.81 

Minns  hay  digested,      . 

806.38 

103.98 

8.32 

83.76 

142.02 

Remains  gluten  feed  digested. 

198.33 

16.94 

18.68 

60.40 

106.30 

Per  cent,  digested, 

86.19 

78.48 

92.03 

86.00 

86.22 

Average  per  cent,  two  sheep  digested, 

87.14 

12.46 

91.51 

86.46 

67.67 

Average  nutritive  ratio  of  ration  for  two  sheep,  1 :  5.25. 
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Pesiod  VIII. 
Chicago  Oluten  Meat. 


Sheep  I. 

Dry 
Matter. 

Crude 
CellnbMe. 

Crude 
Fat. 

Omde 
Protain. 

Sztraet 
Matter. 

060  gnma  hay  fed,         .       . 
200  grami  Chioago  glaten  meal. 

600.82 
180.00 

170.00 
8.12 

18.11 
8.80 

02.04 
00.08 

200.88 

101.98 

262.27  grama  mannra  air  dry. 

741.42 
244.02 

183.08 
08.40 

20.41 
0.44 

120.02 
88.86 

802.90 
109.78 

Total  digeeted, 
MlDQB  hay  digested,      .       . 

400.80 
881.11 

U8.60 
112.87 

10.07 
8.00 

06.77 
80.47 

262.48 
164.46 

Bmnaina  gluteo  meal  digested. 
Per  cent,  digested. 

106.00 
01.74 

1.22 
80.04 

7.08 
00.06 

60.80 
88.62 

08.08 
00.17 

Sheep  n. 


Total  consumed,  as  above,     . 

741.42 

183.06 

20.41 

120.02 

882.20 

241.06 

70.68 

0.20 

81.10 

108.08 

Total  digested,       .       .       .       . 

600.84 

112.60 

17.16 

08.48 

263.68 

Minna  hay  digested,      .       .       .       . 

881.11 

112.87 

8i00 

86.47 

164.46 

Remains  gluten  meal  digested,    . 

100.28 

.13 

8.10 

01.00 

00.13 

Per  cent,  digested,        .... 

08.70 

4.10 

08.22 

02.40 

07.26 

Average  per  oenU  two  sheep  digetted. 

82.7t 

CI  .60 

97.13 

90.50 

96.71 

Average  nutritive  ratio  of  ration  for  two  sheep,  1 : 4.21. 

Period  IX. 
King  Oluten  Meal. 


Sheep  I. 

Dry 
Matter. 

Crude 
Cellulose. 

Crude 
Fat. 

Crude 
Protein. 

Extract 
Matter. 

060  grams  hay  fed, 

900  grams  King  gluten  meal. 

602.18 
183.24 

180.40 
2.68 

18.16 
80.00 

02.70 
70.07 

200.00 
71.17 

Total  consumed,     . 
270.01  grams  manure  air  dry. 

746.42 
264.12 

182.08 
08.82 

64.21 
12.02 

138.40 
88.22 

832.18 
110.41 

Amount  digested,    . 
Minus  hay  digested,      . 

401.30 
831.01 

113.00 
112.04 

42.10 
8.07 

101.24 
80.60 

216.72 
164.88 

Remains  gluten  meal  digested, 
Per  cent,  digested, 

160.30 
80.08 

1.02 
80.47 

88.22 
02.12 

04.08 
01.62 

00.00 
86.67 
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Period  IX.  {King  Qlvten  Meal)  —  Condnded. 
Sheep  IL 


l>ry 

Matter. 

Crude 

Cellulose. 

Crude 
Fat. 

Crude 
Protein. 

Eitraet 
Matter. 

Total  eoDinmed,  u  above,     . 

746.43 

182.08 

64.21 

188.46 

882.18 

284.84  grami  mantire  air  dry, 

860.88 

76.86 

10.06 

81.66 

118.60 

Amonot  dlgeated,   .... 

486.74 

107.13 

44.16 

101.81 

213.68 

MlDUB  hay  dlgMted 

881. 9t 

112.84 

8.06 

86.66 

164.82 

163.88 

- 

86.20 

66.26 

68.71 

Per  cent,  digested 

83.06 

- 

07.68 

02.84 

82.44 

Average  per  eent.  two  sheep  digested, 

85.47 

- 

94.87 

91.98 

84.00 

Average  nutritive  ratio  of  ration  for  two  sheep,  1:4. 


Period  X. 

Atlas  Meal, 

Sheep  HL 


Dry 
Matter. 

Crude 
Cellulose. 

Crude 
Fat. 

Crude 
Protein. 

Extract 
Matter. 

660  grams  hay  fed, 
200  grams  atlas  meal,    . 

660.36 
182.08 

181.46 
17.72 

18.81 
28.70 

63.00 
n.62 

260.82 
66.16 

Total  consumed,     . 
801.66  grams  manure  air  dry, 

732.48 
286.26 

100.17 
78.41 

42.01 
0.24 

181.22 
43.88 

816.47 
121.72 

ToUl  digested, 
Minns  bay  digested,      .       . 

447.18 
802.36 

120.76 
108.95 

82.77 
6.28 

87.84 
81.14 

104.76 
147.68 

Remains  aUas  meal  digested. 
Per  eent.  digested. 

144.82 
70.63 

16.81 
04.88 

26.64 
02.48 

66.70 
73.04 

47.17 
84.00 

Sheep  IV. 


Toul  consumed,  as  above,     . 

782.43 

100.17 

42.01 

131.22 

816.47 

801.21  grams  manure  air  dry, 

^84.62 

74.67 

9.02 

48.76 

121.21 

Total  digested,        .... 

447.01 

124.60 

82.00 

87.46 

106.26 

Minus  bay  digested,      .... 

802.86 

108.06 

6.23 

81.14 

147.68 

Remains  atlas  meal  digested. 

146.66 

20.66 

26.86 

66.82 

47.68 

Per  cent,  digested 

79.76 

116.60 

90.06 

72.66 

84.91 

Average  per  cent,  two  abeep- digested, 

79.64 

105.70 

91  .M 

72.80 

84.45 

Average  nutritive  ratio  of  ration  for  two  sheep,  1 : 4.55, 
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Pebiod  XI. 

PeaniU  Feed, 

Sheep  UL 


Dry 
Matter. 


Crude 
OelloloM. 


Cmde 
Fat. 


Grade 
Protein. 


Bztrael 
Matter. 


MO  grams  hay  f  ed| 

800  grame  peannt  feed, . 

Total  oonromed,     . 
420.06  grame  manure  air  dry, 

Totol  digested, 
Minna  hay  digested, 
Bemalns  peannt  feed  digested. 
Per  cent,  digested. 


488.17 
271.29 


1M.80 
147.68 


11.00 
16.06 


47.00 
82.72 


288.54 
08.28 


764.40 
402.89 


300.88 
201.08 


20.72 
7.72 


79.78 
80.17 


290.77 
125.41 


852.07 
205.46 


106.85 
91.20 


19.00 
6.47 


60.01 
27.84 


105.30 
129.50 


80.02 
81.98 


14.69 
9.88 


18.68 
90.01 


28.27 
71.12 


35.80 
57.52 


Sheep  IV. 


Total  consumed,  as  above, 
430.47  grams  manure  air  dry. 

Total  digested, 
Minns  hay  digested, 
Bemalns  peanut  feed  digested, 
Per  cent,  digested. 
Average  per  cent,  two  sheep  digested, 


754.40 
401.48 


852.98 
206.46 


87.58 
82.20 
82.09 


800.88 
196.70 


111.18 
91.20 


19.92 
18.49 
11.68 


20.72 
7.82 


18.90 
6.47 


13.48 
89.80 
88.68 


79.78 
29.59 


50.19 
27.84 


22.85 
70.00 
70.58 


200.77 
186.95 


151.82 
120.50 


25.20 
40.50 
48.01 


Average  nutritive  ratio  of  ration  for  two  sheep,  1 :  6.27. 

Period  XII. 

Sojor-bean  Meal, 

Sheep  m. 


Dry 
Matter. 

Cmde 
Cellulose. 

Crude 
Fau 

Crude 
Protein. 

Extract 
Mailer. 

000  grams  hay  fed, 

260  grams  soja-bean  meal,     . 

517.86 
225.55 

160.18 
10.15 

10.72 
42.01 

57.84 
80.00 

240.29 
72.04 

280.40  grams  manure  air  dry, 

743.41 
281.39 

176.38 
67.07 

59.83 
16.86 

144.58 
82.78 

812.33 
115.27 

Totol  digested, 
Minna  hay  digested. 

482.02 
805.75 

108.00 
108.70 

42.97 
8.84 

111.75 
88.68 

197.06 
142.02 

Remains  soja-bean  meal  digested 
Per  cent,  digested. 

170.27 
78.15 

4.00 
48.27 

34.63 
81.28 

78.07 
89.97 

54.44 
75.57 
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Pbbiod  Xn.  (Sojorbean  Meal)  —  Concladed. 
Sheep  17. 


Dry 

Matter. 

Crude 
Oellalose. 

Cmde 
Fat. 

Cmde 
Protein. 

Bztraot 
Matter. 

262.40  gnmi  mannre  air  dry, 

748.41 
244.64 

176.88 
63.02 

60.88 
12.65 

144.58 
80.85 

812.88 
114.22 

ToUldlgetted 

Minna  hay  dlgattod,      .       .       .       . 

408.77 
805.78 

118.31 
108.76 

46.68 
8.80 

118.68 
83.68 

108.11 
142.62 

BamalDB  foja-bean  meal  digested, 
Far  cent,  dlgeated,        •       .       •       . 
Average  per  ceot.  two  sheep  digested, 

108.04 
85.68 
81.86 

0.56 
04.00 
71.18 

88.38 
00.00 
66.68 

80.00 
02.20 
81.08 

56.40 
77.02 
76.(8 

Average  nutritive  ratio  of  ration  for  two  sheep,  1 : 8.78. 


Period  XIII. 

Rye  Meal. 

Sheep  L 


Dry 
Matter. 

Cmde 
Cellulose. 

Crude 
Fat. 

Cmde 
Protvin. 

Bxtract 
Matter. 

660  grams  hay  fed, 
800  grams  rye  meal, 

478.60 
257.22 

168.12 
4.60 

11.61 
4.60 

46.71 
85.04 

226.86 
200.07 

366.81  grams  mannre  air  dry, 

736.82 
'  242.80 

162.72 
78.00 

16.21 
7.77 

81.75 
25.86 

436.82 
100.86 

Totol  digested, 
Minns  hay  digested,      . 

408.73 
263.40 

80.72 
00.68 

8.44 
6.48 

56.40 
27.14 

826.06 
128.60 

Remains  rye  meal  digested, 
Per  cent,  digested,        .       . 

230.24 
80.61 

: 

8.01 
66.87 

20.26 
83.46 

108.36 
04.47 

Sheep  n. 


S07.16  grams  manure  air  dry. 

786.82 
264.21 

162.72 
74.06 

16.21 
7.88 

81.76 
24.70 

486.82 
120.60 

Toul  digested 

Minns  hay  digested,      .... 

482.61 
263.40 

87.76 
00.58 

8.33 
6.48 

57.06 
27.14 

816.22 
128.60 

Remains  rye  meal  digested, 

Per  oent.  digested,        .... 

Average  per  cent,  two  sheep  digested, 

210.12 
85.18 
87.34 

- 

2.00 
62.08 
64.17 

20.01 
85.81 
84.88 

187.62 
80.84 
61.80 

Average  nutritive  ratio  of  ration  for  two  sheep,  1 : 7.60. 
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Period  XIV. 

Winter  Wheat  Bran. 
Sheep  I. 


Dry 
Matter. 

Omde 
Cellulose. 

Crude 
Fat. 

Crude 
Protein. 

Bxtraet 
Matter. 

600  grami  hay  f  ed 

300  grains  winter  wheat  bran, 

617.86 
258.81 

166.18 
27.53 

16.72 
12.86 

57.84 
40.40 

240.29 
158.W 

Total  eonramed,     .... 
380.78  grama  manare  air  dry. 

776.67 
813.86 

198.71 
88.47 

20.68 
14.46 

08.24 
88.17 

888.66 
141.93 

Totol  digested,        .... 
Minus  hay  digested 

462.81 
805.75 

105.24 
103.76 

15.12 
8.80 

65.07 
83.68 

256.78 
142.68 

Remains  winter  wheat  bran  digested, 
Per  cent,  digested,         .... 

157.06 
60.68 

1.48 
5.87 

6.8i 
53.02 

81.80 

n.eo 

U4.ll 
72  06 

Sheep  n. 


Total  oonsumed,  as  above,     . 
828.81  grams  manure  air  dry, 

Totol  digested,  .  .  .  . 
Minns  hay  digested,  .  .  .  . 
Remains  winter  wheat  bran  digested, 
Per  cent,  digested,  .  .  .  . 
Average  per  cent,  two  sheep  digested, 


776.67 
805.60 


470.98 
805.75 


165.23 


62.28 


198.71 
88.54 


110.17 
103.76 


6.41 
23.29 
14.33 


29.58 
10.94 


18.64 
8.80 


10.34 
80.89 
68.70 


96.24 
82.80 


65.44 
83.68 


81.76 
78.65 
78.17 


898.66 
142.39 


256.27 
142.62 


113.66 
n.78 
71.60 


Average  nutritive  ratio  of  ration  for  two  sheep,  1 :  6.23. 

See  tables  containing  compilation  of  all  American  diges- 
tion experiments,  at  the  end  of  this  report. 
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CONCERNING    THE    DIGESTIBILITY   OF    THE 
PENTOSANS. 


By  J.  B.  LiNDSET  AND  E.  B.  Holland. 


During  the  past  five  or  six  years  much  attention  has  been 
given  to  the  study  of  the  pentosans.  Fischer,  ToUens, 
Schulze,  Stone  and  many  others  have  investigated  their 
chemicid  character,  and  noted  their  very  general  occurrence 
in  our  woods  and  agricultural  plants  and  seeds. 

The  pentosans  have  the  composition  (C5H804)n,  and  by 
inversion  with  dilute  mineral  acids  yield,  so  far  as  known, 
two  sugars,  namely,  xylose  and  arabinose^  C5H10O5.  The 
pentosan  which  yields  xylose  is  more  generally  found  in  our 
agricultural  plants.  Pentoses  *  (C5H10O5)  have  been  found 
to  exist  in  the  juices  of  a  great  variety  of  growing  plants. 
Whether  they  are  formed  by  direct  assimilation,  or  from  the 
hexoses,  is  not  yet  fully  settled*  Xylan  and  araban  belong, 
generally  speaking,  to  the  so-called  heinicelluloses.  E. 
Schulze  t  has  applied  this  name  to  those  portions  of  the  cel- 
lular structure  of  plants  that  are  not  soluble  in  water,  but 
in  dilute  mineral  acids.  That  they  cannot  always  be  strictly 
considered  as  hemicellulose  is  made  clear  from  the  recogni- 
tion by  Schulze  and  Winterstein  f  of  a  pentosan  in  amyloid^ 
a  substance  extracted  with  water  from  the  seeds  of  Tropce^ 
olum  majus.  In  some  cases,  also,  they  approach  in  char- 
acter the  true  cellulose. §  Schulze  ||  has  also  recognized  the 
pentosans  in  the  cotyledons  and  endosperms  of  many  seeds, 
and  they  undoubtedly  serve,  just  as  do  galactan,  starch,  etc., 
as  a  reserve  material,  supporting  the  life  of  the  young  plant 

*  G.  de  Chalmot,  Am.  Chem.  Jour.,  15,  21. 

t  Zeitschr.  f.  physiol.  Chemie,  14. 

X  Zeitschr.  f.  physiol.  Chemie,  19$  Bericht©  der  chem.  Qes.,  S4,  2277. 

§  Zeitschr.  f .  physiol.  Chemiei  16  %  also  Winterstein  loco  citato, 

B  Loco  citato. 
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during  the  process  of  germination.  That  the  pentosans  in 
the  nuktured  plants  and  seeds  form  a  part  of  the  cell  walls 
and  are  dissolved  daring  germination  is  qaite  clear  from 
the  numerous  microscopic  investigations  made  by  Professor 
Cramer*  and  Dr.  Pfisterf  in  connection  with  Schalze*s 
work. 

Concerning  the  value  of  the  pentosans  as  a  source  of  food 
for  animals,  the  results  of  two  investigations  have  been  pub- 
lished. Stone  X  fed  corn  meal  and  bran  to  rabbits,  and  found 
that  about  60  per  cent,  of  the  pentosans  were  digested.  A 
like  conclusion  was  drawn  by  Stone  and  Jones,  §  as  a  result 
of  the  examination  of  the  food  and  fsBces  of  sheep  fed  upon 
the  hay  of  different  grasses.  Ebstein  ||  has  also  shown  that 
both  xylose  and  arabinose  are  but  little  assimilated  by  human 
beings,  these  sugars  being  recognized  in  the  urine  a  few 
hours  after  being  eaten. 

During  the  spring  and  autumn  of  1893  the  writer  made 
digestion  experiments  with  hay,  corn  cobs,  brewers'  grains 
and  several  concentrated  fodder  articles.  These  results  have 
already  been  published.lT  We  have  thought  it  of  sulBcient 
interest  to  determine  the  amount  of  pentosans  in  each  of  the 
foods  fed  and  in  the  fceccs  excreted,  and  thus  note  their 
degree  of  digestibility.** 

The  method  employed  for  determining  the  furfurol,  and 
consequently  the  pentosans,  was  the  one  described  by  Flint 
and  Tollens,tt  being  a  modification  of  the  method  originally 
introduced  by  de  Chalmot  and  Tollens.$t 

Pentosans  differ  from  true  carbohydrates  in  yielding  fur- 
furol instead  of  Isevulinic  acid  when  boiled  with  hydrochloric 

♦  Zeitschr.  physiol.  Chem.,  14,  227 

t  Zeitschr.  physiol.  Chem.,  19,  44. 

X  Am.  Chem.  Jonr.,  14,  9. 

§  Agricultaral  Science,  9,  d. 

II  AichiT.  pathol.  Anat.,  Ito,  401. 

IT  Massachnsetts  State  Experiment  Station,  Eleventh  Annual  Report,  1893. 
*•  While  it  is  possible  to  estimate  the  amount  of  furfurol  in  the  fasces  with  a  fiiir 
degree  of  accuracy,  it  must  be  admitted  that  it  is  by  no  means  certain  that  this  fur- 
furol is  a  true  indicator  of  the  amount  of  pentosans  present;  t.e.,  it  has  not  as  yet 
been  shown  whether  the  pentosan  molecule  remains  entirely  intact  during  the  diges- 
tiye  process.    From  our  present  knowledge  it  must  be  assumed  that  such  is  the  ease. 

ft  £.  K.  Flint,  Inaugural  Dissertation,  GOttingen,  1892 ;  Landw.  Vers.  Stat.,  4S, 
398. 

Xt  Inaugural  Dissertation,  GOttingen,  1891 
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acid  of  a  certain  strength.  Their  detection  and  estimation 
depends  upon  the  production  and  separation  of  furfurol,  and 
its  subsequent  precipitation  with  phenyl-hydrazin  as  furfurol 
hydrazon. 

Method. 
Weigh  out  3  to  5  grams  (depending  on  the  amount  of 
pentosans  present)  of  the  finely  ground  material,  and  trans- 
fer to  a  300  cubic  centimeter  flask.  After  adding  100  cubic 
centimeters  of  hydrochloric  acid  of  1.06  specific  gravity,  con- 
nect with  a  Liebig  condenser,  and  distil  30  cubic  cei^itimeters, 
taking  ten  to  fifteen  minutes  for  the  distillation.  Instead  of 
putting  the  flask  in  Rose's  metal  to  diffuse  the  heat,  as  Flint 
and  others  suggest,  we  have  placed  it  upon  a  piece  of  gauze 
with  equally  satisfactory  results.  Now  add  30  cubic  centi- 
meters more  acid  by  means  of  a  separatory  funnel  (the  stem 
of  which  passes  through  the  cork  into  the  flask),  and  so  con- 
tinue the  process  until  a  drop  of  the  distillate  gives  no  red 
coloration  on  filter  paper  that  has  been  moistened  with  ani- 
line acetate  (a  few  drops  of  aniline  in  a  little  50  per  cent, 
acetic  acid).  Ten  to  eleven  distillations  are  generally  suffi- 
cient. Flint  has  shown  that  for  constant  results  the  pres- 
ence of  a  certain  amount  of  salt  in  a  definite  quantity  of 
solution  is  essential.  Furfurol  hydrazon  is  more  insoluble 
with  81  grams  of  sodium  chloride  in  400  cubic  centimeters 
of  distillate  than  when  less  is  present,  and  these  propor- 
tions should  be  always  used.  Add  to  the  obtained  distillate, 
brought  into  a  700  to  800  cubic  centimeter  beaker,  the  neces- 
sary amount  of  salt  and  water  to  raise  it  to  this  standard  (see 
table  following). 


DlstlDato 

(Cubic  Centi- 

meters). 

Water  (Cubic 
OenUmetera). 

Salt  to  be  added 
(Grama). 

Distillate 
(Cubic  Centi- 
meters). 

Water  (Cubic 
Centimeters). 

Salt  to  be  added 
(Urams). 

400 
860 
800 
260 
200 

60 

100 
160 
200 

10.16 

20.30 
80.46 
40.60 

160 

100 

60 

260 
800 
860 
400 

60.76 
60.90 
71.06 
81.20 
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NeutraKze  exactly  the  400  cubic  centimeter  solution  with 
sodium  carbonate,  covering  the  beaker  with  a  watch  glass  dar- 
ing the  process,  and  make  up  to  500  cubic  centimeters  with 
water.  Add  now  10  cubic  centimeters  of  phenyl-hydrazin 
solution,*  precipitating  the  furfurol  as  furfurol  hydrazon.f 
Stir  thirty  minutes,  preferably  with  an  automatic  stirrer,  and 
filter  the  solution,  using  suction,  into  glass  drying  tubes  about 
three-quarters  of  an  inch  in  diameter  and  six  to  seven  inches 
long,  drawn  out  at  the  lower  end  and  filled  with  about  one-half 
inch  of  glass  wool  in  preference  to  asbestos.  Remove  adher- 
ing particles  with  a  feather,  and  do  not  use  over  100  cubic 
centimeters  of  wash  water.  Dry  the  precipitate  in  a  specially 
constructed  air  bath  (see  cut)  at  55^  to  60°  C.  for  three 
hours.  To  hasten  and  perfect  the  drying  a  partial  vacuum  is 
made  by  drawing  dry  air  slowly  through  the  tubes  by  aid  of  a 
suction  pump,  the  air  supply  being  regulated  by  pinchcocks. 
The  air  before  entering  the  tubes  is  conducted  through 
sulphuric  acid  to  dry  it,  and  through  a  glass  tube  containing 
small  pieces  of  marble  to  remove  any  sulphuric  acid  that 
might  be  carried  over  mechanically.  Cool  the  tubes  in  a 
desiccator  and  weigh.  Dissolve  out  the  precipitate  with  hot 
alcohol  and  reweigh,  and  consider  the  loss  in  weight  as 
fiirfurol  hydrazon.  (See  cut  of  apparatus  at  end  of  this 
article.) 

For  the  conversion  of  furfurol  hydrazon  to  furfurol  use  the 
following  factors :  — 

Furfurol  =  furfurol  hydrazon  X  0.538. 

Arabinose  =  furfurol  hydrazon  X  1.229  +  0.0177. 

Xylose  =  furfurol  hydrazon  X  1.031—0.001. 

Pentose  (average  arabinose  and  xylose)  =  furfurol  hydrazon  X  1*13  +  0.0083. 

Pentosan  =  pentose  X  0.88. 

Formidas. 

Furfurol  =  C<  H»  O  — C  O  H. 
Phenyl-hydrazin  =  C  •  H  • — NH  —  NH  >. 
Furfurol  hydrazon=C«  H«  O  CH  €•  H»  N« H. 
Pentose  =  (C »  H »«  O  •)  n. 
Pentosans  =  (C  •  H  •  O  <)  n. 

*  Twelye  grams  of  phenyl-hydrazin  and  7.5  grams  of  glacial  acetic  add  filled 
to  100  cubic  centimeters  with  water  and  well  shaken. 

t  After  the  addition  of  the  phenyl-hydrazin  reagent,  the  solution  should  react 
»Ughtly  acid.    In  case  this  is  not  so,  add  the  necessary  acetic  acid. 
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In  Table  I.  will  be  found  the  percentages  of  furfurol, 
pentosans  and  extract  matter  found  in  the  feeds  consumed. 
It  will  be  seen  that  the  pentosans  equal  from  one-third  to 
one-half  of  the  extract  matter. 

Table  11.  shows  the  percentages  of  pentosans  in  the  excreta 
of  the  sheep  during  the  different  feeding  periods. 


Table  I.  — Pentosans  in  Food  tested.* 


^ 

Foods  Txstkd. 

"all  ' 

1  AXR-DRT  MaTB- 
1              RIAI.. 

Dbt  ICatteb. 

Fnrfarol 

Hydrazon  foand 

(Orams). 

pi 

1^1 

Per  Cent. 
Nltromn. 
free  l£x- 
traot. 

a. 

b. 

Hay  (a) 

M.OO 

0.7683 

0.7656 

10.93 

20.41 

48.61 

Buffalo  glnten  feed,  . 

92.92 

0.7968 

0.7918 

9.20 

17.16 

60.20 

Hay  (&),     .... 

98.68 

0.6140 

0.6393 

12.00 

22.48 

45.56 

New.proceM  lloseed  meal, 

91.76 

0.4860 

0.4960 

7.19 

13.40 

41.16 

Old-proeeM  Unseed  meal, 

90.81 

0.4807 

0.4916 

6.54 

18.49 

89.80 

Com  cobs,  .... 

92.27 

3 

4 

0.8648 
0.9205 

0.8651 
0.9111 

16.80 
18.17 

31.84 
24.57 

66.77 

Dried  brewers'  grains,      . 

93.46 

61.09 

8 

Spring  wheat  bran,  . 

92.72 

3 

0.8188; 
0. 79021 

0.8111 

15.00 

29.07 

59.89 

9 

Winter  wheat  bran,  . 

91.49 

8 

( 0.68771 
i  0.6676) 

0.6620 

13.17 

24.63 

62.83 

*  In  a  former  article,  pabllshed  in  "  Agrionltural  Science,"  concerning  the  digestibility  of 
the  pentoaans,  the  percentages  of  pentosans  were  calculated  by  multiplying  the  per  cent,  of 
fnrfarol  by  1.38.  This  was  the  old  way,  and  if  none  of  the  pentosans  were  destroyed  in  the 
process  of  distillation  it  would  give  the  correct  peroenUge.  It  gives,  however,  considerably 
lower  percentages  than  when  the  formula  as  suggested  by  Flint  Is  used.  The  digestion 
coefficients  would  not  be  affected,  however.  In  the  present  calonlatlons  we  have  used  Plint's 
formula,  believing  it  to  be  much  nearer  correct. 
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Tablb  II.  —  Pentosans  in  Manure  excreted. 


I 


m. 

IV. 

V. 

VT. 

vn. 

VIII. 
IX. 


Foods  Tbitbo. 


JZay  (o). 


Sheep  n., 
Sheep  III., 
Sheep  IV., 


A^fdlo  Oiuten  Feed. 
Sheep  n., 
Sheep  IV 


May  ib). 


Sheep  I.,  • 

Sheep  11^ 
Sheep  in., 
Sheep  IV., 

Kew.proceti 
Sheep  II , 
Sheep  III., 


Old'proceee  Lineeed  Meal. 
Sheep  II.,        .... 

Sheep  III 

Sheep  IV 


Cbm  OobM. 


Sheep  I.,  . 
Sheep  II., 


Dried  Brewert*  Oraint. 

Sheep  I , 

Sheep  II.,        .       .       .       . 


Spring  Wheat  Bran. 
II.,        ... 


Sheep 
Sheep  UI. 


Winter  Wheat  Bran. 
Sheep  IV 


02.98 
93.33 
92.34 


01. M 
92.90 


93.00 


92.60 
02.38 
01.74 


04.82 
04.57 


04.82 

04.48 
04.00 


08.25 
02.71 


05.51 
04.43 


04.76 
04.73 


05.43 


1? 

if  I 


▲iB-DRT  Mats- 


Furfarol 

HydrazoD  found 

(Orama). 


a. 
0.8008 
0.8000 
0.7306 


0.8590 

0.8758 


I  0.88801 
I  0.8020 < 
0.7300 
0.8804 
0.8857 


0.5210 
0.8887 


0.8782 
0.8677 
0.8620 


0.6040 
0.8067 


0.8705 
0.8758 


0.8578 
0.8M0 


0.7810 


5. 
0.7210 
O.7O80 
0.7368 


0.8890 
0.8824 


0.7100 

0.7310 
0.7140 
0.6606 

0.6185 


0.8478 
0.6800 
0.6416 


0.6050 
0.6140 


0.8500 
0.8817 


0.8828 
0.8400 


o.nao 


DbtICai 


9  «  S 


10.27 
10.12 
10.74 


10.07 
10.26 


10.10 

10.67 
10.15 
9.71 


9.83 
9.08 


9.41 
9.20 
0.17 


11.43 

11.80 


12.20 
12.52 


12.20 
11.82 


10.94 


19.S0 
18.92 
90.06 


18.76 
19.U 


18.01 

19.94 
18.96 
18.16 


18.45 
18.9T 


17.80 
17.40 
17.16 


21.40 
22.08 


22.60 

23.34 


22.76 
22.04 


20.45 


The  data  furnished  in  the  above  tables  enable  us  to  calcu- 
late the  digestibility  of  the  pentosans,  as  found  in  the  tables 
following :  — 
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Resum]^  of  Results. 

Comparison  of  the  digestibility  of  the  pentosans  with  ihe 
digestibility  of  the  other  fodder  constituents :  — 


KxHD  or  Food. 

2  ^ 

|6 

n 

P 

Cent.). 

Hay  of  mixed  grasses  (a), 

61 

64 

51 

63 

6S 

63 

Hay  of  mixed  grasses  (6), 

56 

67 

47 

57 

58 

62 

Buffalo  gluten  feed, 

78 

43 

81 

85 

81 

79 

If ew-process  linseed  meal, 

81 

61 

91 

87 

86 

89 

Old-process  linseed  meal, 

79 

57 

89 

89 

78 

85 

Corncobs, 

59 

65 

50 

17 

60 

64 

Dried  brewers'  grains,    . 

62 

53 

91 

79 

59 

56 

Spring  wheat  bran. 

63 

24 

76 

80 

70 

62 

Winter  wheat  bran, 

66 

56 

61 

79 

70 

64 

The  above  figures  show  that  the  pentosans  in  six  out  of 
nine  cases  are  practically  as  digestible  as  any  of  the  other 
groups  of  fodder  substances. 

In  both  samples  of  hay  the  pentosans  are  fully  as  digestible 
as  either  the  cellulose  or  protein.  In  case  of  the  dried 
brewers'  grains  and  the  two  brans  the  fat  and  protein  are 
noticeably  more  digestible  than  the  pentosans. 

With  the  more  concentrated  foods  it  will  be  observed  that 
the  pentosans  are  as  digestible  as  either  the  fat,  protein  or 
extrad:  matter.  The  results  make  dear  that  association  Jias 
a  great  deal  to  do  with  digestibility.  In  the  hays,  com  cobs 
and  brewers'  grains,  where  the  woody  substance  (lignin)  is 
present  to  a  considerable  extent,  the  digestibility  of  the 
pentosans  is  noticeably  less  than  when  the  incrusting  sub- 
stance is  absent.  Whether  or  not  the  pentosans  are  chemi- 
cally united  to  the  incrusting  substances  is  not  known,  but  it 
is  not  at  all  improbable.     It  is  certainly  clear  that  the  in- 
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cmsting  substances  perceptibly  interfere  with  the  digestibility 
of  the  xylan  or  araban.  This  has  also  been  proved  to  be  the 
case  with  cellulose,  first  indirectly  by  Henneberg  and  Stoh- 
mann*  and  later  directly  by  F.  Lehmann,t  who  found  that 
when  the  fibre  was  freed  from  aU  incrusting  substances  the 
cellulose  was  practically  all  digestible. 

Stone  has  already  shown,  in  case  of  hays,  bran  and  such 
fodders,  that  the  pentosans  have  an  average  digestibility  of 
60  per  cent.,  and  our  results  with  similar  fodders  simply 
confirm  his  investigations.  With  the  more  concentrated 
feeds,  where  little  incrusting  substance  is  present,  the  pen- 
tosans are  as  digestible  as  any  other  of  the  fodder  groups. 
One  might  assume  that  if  the  pentosans  were  isolated  and  fed 
to  animals  they  would  be  fully  as  digestible  as  starch  or  pure 
cellulose. 

While  from  60  to  00  per  cent,  of  the  pentosans  in  the 
present  experiment  have  been  removed  from  the  digestive 
tract  in  the  process  of  digestion,  it  has  certainly  not  been 
demonstrated  that  they  have  been  assimilated  and  have  a  food 
value  equal  to  that  of  starch  and  similar  substances.  In  case 
of  human  beings  Ebstein  has  already  proved  to  the  contrary. 
We  hope  to  l)e  able  to  throw  additional  light  upon  this  point 
in  the  near  future. 

•  Futterunff  der  Wiederkauer,  1860. 
t  Journal  f .  Landw.  48, 436. 
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PART  II. 


FIELD  EXPERIMENTS. 


C.   A.   GOXSSMANK. 


1.  FiXLD  BXPIBIICBNTB  FOB   TBI    FUBPOflB   OF    BTUDTTITO   TBI  BCOHOICT  OF  BAISIV* 

Lbodmikous  Cbopb  (Cloybb-likb  Plants)  as  a  Mbans  of  BBBicBiva  thb 
.Soil  in  Nitboobn  iv  tbb  Intebbst  of  thb  Bubbbqubnt  Raising  of  Qbaib 
Cbops  (Fibld  A). 

2.  Fibld  Expbbiments  vitb  Betbbal  Pbomibent  Vabibtibs  of  Potatoes  and 

Bomb  Pbominent  Mixed  Fobagb  Obops  (Vetch,  Oats  avd  Hobsb  Bean, 

Vbtoh  and  Oats  and  Vetch  and  B ablet)  (Field  B). 
8.   Field  Bxpeeimbnts  to  ascbbtain  the  Influbncb  of  Diffebent  Mtxtubbs 

OF  Oommbbcial  Febtilizebs  on  tbb  Yield  and  Obnebal  Chabactbb  of 

Bbyebal  Pbominent  Garden  Cbops  (Field  C). 
4.   Bzpebixbntb  with  Fobaoe  Cbops  (Field  D),  illustbated  vtth  Outs  of  Roots 

of  Foub  Pbominent  Leguminous  Cbops  (Vbtoh,  Boja  Bean,  Lupine  and 

Hobsb  Bean). 
6.    Tbial  of  an  Eablt  Maturing  Vabiett  of  Minnesota  Dent  Cobn,  Hubon 

(Field  E). 

6.  Field  Expebimentb  with  Diffebent  Commercial  Phosphates,  to  study  the 

Economy  of  usii^  thb  Cheapeb  Natural  Phosphates  ob  thb  Mobb  Costly 
Acidulated  Phosphates  (Field  F). 

7.  Expbbiments  with  Fobagb  Cbops  (Vetch  and  Oats  and  Hungabian  Gbass) 

(Field  O). 

8.  Field  Experiments  to  study  the  Effect  of  Phosphatio  Slag  and  Nitrate  of 

Soda,  as  compabbd  with  Obound  Bone,  on  the  Yield  of  Oats  and  Cobn 
(Bast  Field). 

9.  Expbbiments  with  Permanent  Gbass  Lands  (Mbadows)  (East  Field). 

10.  Obchabd  Expebiments  with  Home-made   Stable  Manubb,  Unlbachbd  Wood 

Ashes  and  Sbteral  Mixturbs  of  Fbrtilieing  Matebials  on  the  Gbowth 
AND  Yield  of  Seyebal  Varieties  op  Fruit  Tbbes. 

11.  Obsebyations  in  Vegetation  House. 

12.  Rbpobt  on  Gbnebal  Fabm  Wobk. 
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1.  Field  Experiments  fob  the  Purpose  op  studyino 
THE  Economy  op  raising  Leguminous  Crops 
(Clovers,  etc.)  as  a  Means  of  enriching  the 
Soil  in  Nitrogen  in  the  Interest  of  the  Sub- 
sequent RAISING  op  Grain  Crops. 

Field  A. 

The  systematic  treatment  of  the  field  here  under  con- 
sideration, as  fiir  as  suitable  modes  of  cultivation  and  of 
manuring  are  concerned,  was  introduced  during  the  season 
of  1883-84.  The  subdivision  of  the  entire  area  into  eleven 
plats  (one-tenth  of  an  acre  each)  of  a  uniform  size  and 
shape,  one  hundred  and  thirty-two  feet  long  and  thirty-three 
feet  wide,  with  an  unoccupied  and  unmanured  space  of  five 
feet  in  width  between  adjoining  plats,  has  been  retained 
unaltered  since  1884.  A  detailed  statement  of  the  particular 
aim  and  general  management  of  our  experiments,  as  well  as 
of  the  results  obtained  in  that  connection  from  year  to  year, 
forms  a  prominent  part  of  our  contemporary  printed  annual 
reports,  to  which  I  have  to  refer  for  details. 

Since  1889  the  main  object  of  observations  upon  the  same 
field  has  been  to  study  the  influence  of  an  entire  exclusion  of 
any  additional  nitrogen-containing  manurial  substance  from 
the  soil  under  cultivation^  as  well  as  of  a  definite  additional 
supply  of  nitrogen  in  different  forms  of  combination^  on  the 
character  and  yield  of  the  crop  selected  for  the  trial. 

Several  plats  which  for  five  preceding  years  did  not  receive 
any  nitrogen  compound  for  manurial  purposes  were  retained 
in  that  state,  to  study  the  effect  of  an  entire  exclusion  of 
nitrogen-co.ntaining  manurial  substances  on  the  crop  under 
cultivation,  while  the  remaining  ones  received,  as  before,  a 
definite  amount  of  nitrogen  in  the  same  form  in  which  they 
had  received  it  in  preceding  years ;  namely,  either  as  sodium 
nitrate  or  as  ammonium  sulphate,  or  as  organic  nitrogenous 
matter  in  form  of  dried  blood  or  of  barn-yard  manure.  A 
corresponding  amount  of  available  nitrogen  was  applied  in 
all  these  cases. 
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Amount  of  Fertilizing  Ingredients  used  Annually  per  Acre. 

( Nitrogen,        .        .  .46  pounds. 

80  pounds. 


Plats  0, 1,  2,  3,  5,  6,  8, 10 J  Phosphoric  acid, 
[  Potassium  oxide, 

{Nitrogen, 
Phosphoric  acid, 
Potassium  oxide, 


125  pounds. 

none. 
80  pounds. 
125  pounds. 


One  plat,  marked  0,  received  its  main  supply  of  phos- 
phoric acid,  potassium  oxide  and  nitrogen  in  form  of  barn- 
yard manure ;  the  latter  was  carefiiUy  analyzed  before  being 
applied,  to  determine  the  amount  required  to  secure,  as  far 
as  practicable,  the  desired  corresponding  proportion  of  the 
three  essential  fertilizing  constituents.  The  deficiency  in 
potassium  oxide  and  phosphoric  acid  was  supplied  by 
potash-magnesia  sulphate  and  dissolved  bone-black.  The 
fertilizer  for  this  plat  consisted  of  800  pounds  of  barn-yard 
manure,  32  pounds  of  potash-magnesia  sulphate  and  18 
pounds  of  dissolved  bone-black. 

The  mechanical  preparation  of  the  soil,  the  incorporation 
of  the  manurial  substances,  —  the  general  character  of  the 
latter  being  the  same,  —  the  seeding,  cultivating  and  harvest- 
ing were  carried  on  year  after  year  in  a  like  manner  and 
as  far  as  practicable  on  the  same  day  in  case  of  every  plat 
during  the  same  year. 

The  subsequent  tabular  statement  shows  the  annual  appli- 
cation and  special  distribution  of  the  manurial  substances 
with  reference  to  each  plat  since  1889.  The  fertilizers  were 
in  every  case  applied  broadcast  as  early  in  the  spring  as 
circumstances  permitted.  They  were  well  harrowed  under 
before  the  seed  was  planted  in  rows  by  a  seed  drill. 
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Pl.A,TS. 


Annual  Snpplj  of  MAniurlal  Subatanoei. 


put  0» 

Plat   I, 

put  2, 

Plat  8, 

put  4, 
put  6, 

Flat  t, 

put  7. 

put  8, 

put  9, 

put  10, 


800  Iba.  of  barn-yard  manure,  32  lbs.  of  potash-magnesU  sulphate  and 

18  lbs.  of  dissolved  bone-black. 
29  lbs.  sodium  nitrate  (^4  to  6  lbs.  nitrogen).  25  lbs.  muriate  of 

potash  (ca  12  to  13  lbs.  potassium  oxide),  and  60  lbs.  dissolved 

bone-black  (aB8.5  lbs.  avaiUble  phosphonc  acid). 
29  lbs.  sodium  nitrate  (a  4  to  0  lbs.  nitrogen),  48.5  lbs.  potash- 
magnesia  sulphate  («i  12  to  13  lbs.  potassium  oxide),  and  60  lbs. 

dissolved  bone-black  (i^  8.5  lbs.  avaiUble  phosphoric  add). 
43  lbs.  dried  blood  (i-O  to  6  lbs.  nitrogen),  25  lbs.  muriate  of  potaah 

(iB  12  to  13  lbs.  potassium  oxide),  and  50  lbs.  dissolved  bone-bUek 

(iK  8.5  lbs.  avaiUble  phosphoric  acid) . 
25  lbs.  muriate  of  potash  (» 12  to  13  lbs.  potassium  oxide)  and  50 

lbs.  dissolved  bone-black  (a  SJi  lbs.  available  phosphoric  add). 
22.5  lbs.  ammonium  sulphate  (i>4  to  5  lbs.  nitrogen),  48.5  Ihe.  potash- 
magnesia  sulphate  (-•  12  to  13  lbs.  potassium  oxide),  and  60  lbs. 

dissolved  bone-black  (a  S^  lbs.  available  phosphoric  add). 
22.5  lbs.  ammonium  sulphate  (^4  to  5  lbs.  nitrogen),  25  lbs.  muriate 

of  potash  (iB  12  to  13  lbs. potassium  oxide),  and  50  lbs.  dissolved 

bone-black  («  SJi  lbs.  available  phosphoric  add). 
25  lbs.  muriate  of  potash  (-•  12  to  13  lbs.  potassium  oxide)  and  50 

lbs.  dissolved  bone-black  («8.5  lbs.  available  phosphoric  add). 
22.5  lbs.  ammonium  sulphate  («  4  to  5  lbs.  nitrogen),  25  lbs.  muriate 

of  potash  (a  12  to  13  lbs.  potassium  oxide),  and  50  lbs.  dissolved 

bone-bUck  (ib  8.5  lbs.  avaiUble  phosphoric  add). 
25  lbs.  muriate  of  potash  (« 12  to  13  lbs.  potassium  oxtde)  and  60 

lbs.  dissolved  bone-black  0^  8.5  lbs.  avaiUble  phosphoric  add). 
43  lbs.  dried  blood  (a  5  to  d  lbs.  nitrogen),  48.6  lbs.  potash-magnesU 

sulphate  (» 12  to  13  lbs.  potassium  oxide),  and  50  lbs.  dissolved 

bone-black  («  8.5  lbs.  avalUbU  phosphoric  add). 


Cost  of  Fertilizers  ajypUed  to  Field  A. 

Cost  per  put. 

Cost  per  Acre. 

Plat   0, 

•2  28 

1  99 

2  43 
2  09 

1  23 

2  46 
2  02 

1  23 

2  02 

1  23 

2  53 

♦22  75 

Plat    1 

Plat   2, 

19  90 
2-1  30 

Plat   8, 

20  90 

Plat   4 

Plat   6, 

Plat  6 

Plat  7, 

Plat  8 

Plat   9 

Plat  10, 

12  80 

24  58 
20  18 
12  80 
20  18 
12  30 

25  80 

The  above-described  course  of  the  general  management  of 
the  experiment  has  been  followed  thus  far  for  five  consecu- 
tive years  (1889-93,  inclusive). 
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Kind  of  Crops  raised. 

Com  (maize), in  1889. 

Oata, in  1890. 

Rye, in  1891. 

Sojabean, in  1892. 

Oats, in  1893. 

The  annual  yield  of  the  various  crops  upon  the  different 
plats  showed  that  as  a  rule  those  plats  (4,  7,  9)  which  had  not 
received  in  any  form  nitrogen  for  manurial  purposes  yielded 
much  smaller  crops  than  those  that  received  annually  in  some 
form  or  other  an  addition  of  a  corresponding  amount  of 
available  nitrogen. 

The  results  of  our  observations  were  stated  as  follows :  — 

The  experiments  carried  (m  upon  Field  A  during  the  years 
1889f  ^90y  *91  and  *92  show  conclusively  the  importance  of 
a  liberai  supply  to  the  soil  of  an  available  fonn  ofnitrogeuy  to 
secure  a  successful  and  remunerative  cultivation  of  farm  crops 
under  otherwise  corresponding  favorable  conditions.  For 
•  even  a  leguminous  crop,  the  soja  bean,  when  for  the  first  time 
raised  upon  Field  -4,  did  not  furnish  an  exception  to  our 
observation  (1892). 

1893,  —  The  main  object  of  our  experiment  upon  Field  A 
during  that  season  was  to  observe  the  after-effect  of  the  cul- 
tivation of  soja  bean  (a  leguminous  crop)  on  the  nitrogen 
resources  of  the  soil  which  served  for  its  production.  It 
seemed  of  interest  in  our  case  to  ascertain  whether  the  rais- 
ing of  the  soja  bean  upon  Field  A  had  increased  the  amount 
of  available  nitrogen  stored  up  in  the  soil  to  such  an  extent 
as  to  affect  the  yield  of  the  succeeding  crop  upon  those  plats 
(4,  7,  9)  which  as  a  rule  did  not  receive  at  any  time  an 
addition  of  available  nitrogen  from  any  other  manurial  source 
but  the  atmospheric  air  and  the  roots  of  the  soja  beans  left 
in  the  soil  after  harvesting  the  crop. 

A  grain  crop  (oats)  was  selected  as  the  crop  suitable  to 
serve  for  that  purpose.  The  general  management  of  the 
experiment,  as  far  as  the  preparation  of  the  soil,  manuring 
and  seeding-down  are  concerned,  was  the  same  as  in  preced- 
ing years  (see  tenth  annual  report). 
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Yield  of  Oat  Crop  on  Different  Plats  (1893). 
[Pounds.] 


Weight 

of 
OaU. 

Weight  of 

OaU 
per  Acre. 

Weight 

of  Straw 

and 

Chaff. 

Weight 

of 
Oram. 

Weight 

of 

Straw  and 

Chaff 
per  Acre. 

Weight  of 

Onhi 
perAcze. 

Plat   0, 

630 

6,300 

399 

131 

3.990 

1.810 

Plat    1. 

690 

6,900 

665 

136 

6.660 

1.360 

Plat    2, 

600 

6,000 

464 

146 

4,640 

1,460 

Plat   3. 

700 

7.000 

634 

166 

6.340 

1.660 

Plat   4, 

690 

6.900 

430 

160 

4.300 

1,600 

Plat   6, 

630 

6.300 

651 

79 

6.610 

790 

Plat   6. 

600 

6.000 

498 

102 

4.980 

1.020 

Plat   7. 

660 

6,600 

431 

119 

4,310 

1.190 

Plat   8, 

420 

4.200 

325 

95 

3.250 

950 

Plat   9, 

480 

4.800 

870 

110 

3,700 

1.100 

Plat  10, 

610 

6.100 

486 

125 

4.860 

1.250 

Ratio  of  Grain  to  Straw. 

Plat  0,      . 

.    1:3     . 

Plat   6,     . 
Plat   7,    . 

.    1:4.9 

Plat  1,      . 

.     1:4.1 

.    1:3.6 

Plat  2.      . 

.        .     1:3.1 

Plat   8.    . 

.    1:8.4 

Plat  3,      . 

.     1:3.2 

Plat   9.    . 

.     1:8.4 

Plat  4.       . 

.    1:2.7 

Plat  10,    . 

.        .    1:8.9 

Plat  5,      . 

.     1:7 

Conclusions.  —  An  examination  of  the  results  given  above 
shows  that  the  total  crop  per  acre  on  those  plats  to  which  no 
nitrogen  was  applied  (4,  7  and  9)  averaged  800  pounds  less 
than  in  case  of  the  plats  which  received  their  regular  supply 
of  nitrogen  in  some  form  or  other. 
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Plat  8  shows  again  the  exceptional  conditions  of  previous 
yearSy  for,  although  fertilized  in  a  like  manner  as  Plat  6,  its 
total  yield  was  1,800  pounds  less. 

In  yield  of  grain  those  plats  which  received  their  nitrogen 
in  the  form  of  sulphate  of  ammonia  (5,  6  and  8)  averaged 
92  pounds ;  those  in  the  form  of  organic  nitrogen  (0,  6  and 
8),  140|  pounds;  those  in  the  form  of  nitrate  of  soda  (1 
and  2),  140]^  pounds. 

The  best  results  in  relation  of  total  yield  to  yield  of  grain 
were  obtained  in  the  case  of  those  plats  receiving  organic 
nitrogen  (dried  blood  and  barn-yard  manure),  or  nitrogen 
in  the  form  of  nitrate  of  soda ;  while  in  the  case  of  sulphate 
of  anunonia  the  ratio  of  grain  to  straw  was  too  wide  to  give 
the  best  satisfaction. 

The  total  yield  of  crops  on  the  plats  receiving  no  nitrogen 
addition,  as  compared  with  those  receiving  a  nitrogen  supply, 
was  during  the  succeeding  years  as  follows :  — 

With  oatB  in  1890,  one-fifth  to  one-sixth  less ; 

With  rye  in  1891,  one-fifth  to  one-sixth  less ; 

With  soja  bean  in  1892,  one-third  to  one-foinrth  less ;  and 

With  oats  in  1893,  one-seventh  to  one-eighth  less. 

From  this  it  will  appear  that  the  introduction  of  a  legu- 
minous crop  into  our  rotation  had  somewhat  reduced  the  dif- 
ference in  yield  between  the  plats  receiving  no  nitrogen  and 
those  receiving  it,  yet  had  not  entirely  obliterated  it. 

It  was  decided  to  continue  the  observation  by  repeating 
the  raising  of  soja  beans  in  1894  and  oats  in  1895. 

1894. — To  secure,  if  possible,  more  decisive  results  re- 
garding the  presence  and  absence  of  nitrogen,  it  was  decided 
to  use  twice  the  amount  of  phosphoric  acid  and  potassium 
oxide,  as  compared  with  preceding  years. 

Amount  of  Fertilizing  Ingredients  applied  per  Acre  during  1894. 
f  Nitrogen,         ....      45  pounds. 


Plats  0,  1,  2,  8,  6,  6,  8, 10,  i  Phosphoric  acid,      . 

.    160  pounds. 

{  Potassinm  oxide,     . 

.    250  pounds. 

Nitrogen, 

none. 

Plats  4, 7, 9,       .        .        .<  Phosphoric  acid,     . 

.    160  pounds. 

[potassium  oxide,    . 

.    250  pounds. 
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Flats. 


HanarUl  Substances  Applied. 


Plat   0,  . 

Plat   1,  • 

Plat   2,  . 

Plat  3,  . 

Plat  4,  . 

put  6,  • 

Plat  6,  . 

put  7,  . 

put  8,  . 

Plat   9,  . 

put  10,  . 


800  lbs.  barn-yard  mannre,  80}  Ibe.  potash-magnesU  sulphate  and  77 

lbs.  dissolyed  bone-black. 
29  lbs.  sodinm  nitrate  (s  4  to  6  Iba.  nitrogen) ,  54  lbs.  mnriate  of  potash 

r=s  25  to  26  lbs.  potassium  oxide),  and  114  lbs.  dissolved  bone-bUck 

fss  16  to  17  lbs.  phosphoric  acid). 
29  lbs.  nitrate  of  soda  |[ss  4  to  6  lbs.  nitrogen) ,  97  lbs.  potash-magnesU 

sulphate  (=25  to  26  lbs.  potassium  oxide),  and  114  lbs.  dissolved 

bone-bUck  (=  16  to  17  lbs.  phosphoric  add). 
43  pounds  dried  blood  (=  6  to  6  lbs.  nitrogen) ,  54  lbs.  muriate  of  potash 

(ss 25  to  26  lbs.  potassium  oxide),  and  114  lbs.  dissolved  bono-bUck 

(s  16  to  17  lbs.  phosphoric  add). 
54  lbs.  muriate  of  potash  (» 25  to  26  lbs.  potassium  oxide),  and  114 

lbs.  dissolved  bone-bUck  (»16  to  17  lbs.  phosphoric  add). 
22}  lbs.  ammonium  sulphate  (^^4  to  5  lbs.  nitrc^n),  97  lbs.  potash- 
magnesia  sulphate  (=25  to  26  lbs.  potassium  oxide),  and  114  Ibe. 

dissolved  bone-black  (al6  to  17  lbs.  phosphoric  add). 
22}  lbs.  ammonium  sulphate  (»4  to  6  lbs.  nitrogen),  54  lbs.  muriate  of 

potash  (ss 25  to  26  lbs.  potassium  oxide),  and  114  lbs.  dissolved 

fx)ne-black  (« 16  to  17  lbs.  phosphoric  add). 
54  lbs.  muriate  of  potash  (» 25  to  26  lbs.  potassium  oxide),  and  114 

lbs.  dissolved  bone-black  (sb16  to  17  lbs.  phosphoric  acid). 
22}  lbs.  ammonium  sulphate  (»4  to  5  lbs.  nitrogen),  54  lbs.  muriate 

of  potash  (s 25  to  26  lbs.  potassium  oxide),  and  114  lbs.  dissolved 

bone-bUck  (»16  to  17  lbs.  phosphoric  acid). 
54  lbs.  muriate  of  potash  (» 25  to  26  lbs.  potassium  oxide),  and  114 

lbs.  dissolved  bone-black  (»16  to  17  lbs.  phosphoric  add). 
43  lbs.  dried  blood  (=»4  to  5  lbs.  nitrogen),  97  lbs.  sulphate  of  potash - 

magnesia  (=  25  to  26  lbs.  potassium  oxide),  and  114  lbs.  dissolved 

bone-bUck  (» 16  to  17  lbs.  phosphoric  add). 


An  early  maturing  variety  of  white  soja  bean  was  the 
crop  employed  for  the  experiment.  The  field  was  ploughed 
April  18,  the  barn-yard  manure  having  been  previously 
applied  to  Plat  0,  and  a  quantity  of  lime  to  Plat  8.*  Plats 
1-10  received  their  fertilizer  mixtures  applied  broadcast  on 
May  10.  After  proper  preparation  of  the  soil  the  soja  beans 
were  planted  on  May  12  in  drills  two  and  one-half  feet 
apart,  six  pounds  of  seed  being  used  per  plat.  The  plants 
appeared  above  ground  May  21.  June  5  the  field  was  culti- 
vated and  hoed,  and  also  on  the  16th  and  25th  and  July  12. 


•  This  plat  had  suffered  for  years,  as  noted  in  previous  reports,  from  a  serious 
attack  of  parasitic  growth  affecting  the  yield  of  the  crop,  and  the  lime  was  added  to 
correct  the  condition  of  the  soil  and  prevent,  if  possible,  the  return  of  the  failure. 
The  purpose  for  which  it  was  applied  was  evidently  served,  for  the  yield  of  the 
crop  was  very  satisfactory. 
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Height  of  Soja-hean  Plants  upon  the  Different  Plata  of  Field  A 

during  the  Season  (1894) , 

[Inches.] 


Plat  0, 

Plat  1, 

Plat  2, 

Plat  8, 

Plat  4, 

Plat  5, 

Plat  6, 

Plat  7, 

Plat  8, 

Plat  9, 

Plat  10, 


July  3. 

July  10. 

12 

16 

12 

16 

12 

19 

11 

15 

11 

14 

13 

17 

11 

16 

10 

14 

12 

15 

10 

14 

11 

16 

July  24. 


24 
25 
26 
26 
25 
25 
26 
24 
27 
25 
26 


The  color  of  the  crop  varied  somewhat  on  the  different 
plats.  Those  receiving  no  nitrogen  addition  had  a  yellowish 
appearance  throughout  the  season,  while  No.  8,  which  in 
previous  years  had  been  of  inferior  growth  and  color,  ap- 
peared to  do  as  well  as  any  during  the  entire  growing  period. 
The  plants  began  to  bloom  July  25.  Owing  to  the  pro- 
tracted drought  of  July  and  August  the  crop  did  not  get 
that  fulness  of  growth  which  might  have  been  obtained  under 
more  favorable  conditions.  The  crop  was  cut  August  28, 
being  put  into  a  silo  with  com  for  the  production  of  a  mixed 
silage. 

Yield  ofSoja  Bean  on  Different  Hats  (1894). 

[Pounds.] 


Per  Plat. 


Plat  0, 

Plat  1, 

Plat  2, 

Plat  3, 

Plat  4, 

Plat  5, 

Plat  6, 

Plat  7, 

Plat  8, 

Plat  9, 
Plat  10, 


600 
625 
700 
525 
405 
645 
615 
480 
680 
470 
570 


Per  Acre. 


6,000 
6,250 
7,000 
5,250 
4,050 
6,450 
6,150 
4,800 
6,800 
4,700 
5,700 
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Conclusions. 

1 .  A  comparison  of  the  above-stated  yield  of  the  different 
plats  shows  that  those  plats  (4,  7  and  9)  which  received  no 
nitrogen  addition  from  an  outside  source  yielded  on  an 
average  from  1,400  to  1,500  pounds  less  per  acre  than  those 
I'eceiving  a  nitrogen  addition. 

2.  From  these  figures  it  appears  that  the  increased  cost 
of  the  fertilizer  in  the  case  of  the  plats  receiving  nitrogen 
(45  pounds  nitrogen  at  13  cents  sa  $6.75)  exceeds  the  value 
of  the  increase  in  crop  produced  by  its  application  (allowing 
$5  per  ton  of  green  material  containing  34.02  per  cent,  dry 
matter). 

3.  An  increase  of  twice  the  amount  of  the  phosphoric 
acid  and  potassium  oxide  as  compared  with  earlier  years 
(see  report  for  1892)  has  not  affected  the  relative  yield  of 
the  crop. 

Analysis  of  Early  Maturing  Soja  Bean. 
[BaiBed  on  Field  A ;  collected  when  crop  was  cat,  Ang.  28',  1894.] 

FerCtnt 

Moisture  at  100°  C, 65.98 

Dry  matter, 84.02 

100.00 
Analysis  of  Dry  McUter, 

Crude  ash, 9.69 

"      fibre, 17.28 

"fat, 2.96 

••      protein, 20.13 

Nitrogen-free  extract  matter, 49.94 

100.00 
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2,  Field  Experiments  with  Several  Varieties  of 
Potatoes  and  Some  Prominent  Mixed  Foraoe 
Crops, 

Field  B. 

[a.  Potatoes :  Beantj  of  Hebron,  Clark*8  and  New  Queen ;  6.  Mixed  forage  crops : 
vetch,  oats  and  horse  bean,  vetch  and  oats  and  vetch  and  barlej.] 

This  field  occupies  an  area  of  one  and  seven-tenths  acres, 
and  runs  from  north  to  south,  nearly  on  a  level.  The  soil 
consists  of  a  somewhat  sandy  loam  of  several  feet  in  depth. 
The  systematic  treatment  of  the  area  was  inaugurated  in 
1884,  when  the  present  subdivision  into  eleven  plats  was 
first  introduced.  The  plats  are  175  feet  long  and  33  feet 
wide  (5,775  square  feet,  or  two-fifteenths  of  an  acre),  of  a 
uniform  shape,  running  from  east  to  west,  with  a  space  of 
five  feet  between  adjoining  plats.  The  numbering  begins  at 
the  north  end  with  11,  and  closes  at  the  south  end  with  21. 

For  details  regarding  the  work  carried  on  upon  Field  B 
previous  to  1892,  see  tenth  annual  report. 

The  character  of  the  crops  raised  during  1892  may  be 
noticed  firom  the  subsequent  tabular  statement :  — 


Crops  raised  in  1892. 


PULTS. 

189*. 

Yield  of  Hay, 

First  and 

Second  Cut 

(Pounds). 

Bate  per 

Acre 
(Poands). 

Plat  11, 
Plat  12, 
Plat  18, 
Plat  14, 
Plat  15. 
Plat  16, 
Plat  17, 
Plat  18, 
Plat  19, 
Plat  20, 
Plat  21, 

Eentaoky  blne-graaa,  bowd  Sept.  24, 1889,   • 

Eentnoky  blae-graaa  and  red  top,  aown  Sept.  18, 1891, 

English  rye-graas  and  Italian  rye-graaa,  sown  Sept. 

29, 1890. 
Engliah  rye-graaa  and  red  top,  sown  Sept.  29, 1890,     . 

Herds  graia  and  red  top,  aown  April  23, 1891,     . 

Meadow  feacne,  sown  Sept.  25, 1887,     .       .       .       . 

Meadow  fescue,  aown  Sept.  29, 1890 

Herds  grass,  sown  Sept.  25, 1889, 

Herds  grass  and  red  top,  sown  Sept.  29, 1890, 
Meadow  fescue  and  herds  grass,  sown  Sept.  18, 1891, 
ToUl, 

335 
365 
256 
225 
566 
565 
475 
490 
610 
285 
355 

2,513 
2.787 
1,913 
1.688 
4.238 
4.238 
3.563 
3,676 
4,575 
2,138 
2,668 

4,525 
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At  the  close  of  the  season  (1892)  it  was  decided  to  raise 
hereafter  other  crops  than  grasses  upon  plats  11,  13,  14,  15, 
16  and  20.  For  this  reason  they  were  ploughed  after  the 
rowen  had  been  secured,  while  plats  12,  17,  18,  19  and  21 
remained  in  grass  for  another  season. 

i5P5.— Plats  11,  13,  14,  15,  16  and  20,  which  had  been 
used  for  several  preceding  years  for  the  production  of 
grasses,  were  at  an  early  date  prepared  to  serve  for  experi- 
ments with  several  prominent  varieties  of  potatoes.  They 
were  ploughed  in  August,  1892,  and  were  again  ploughed 
for  the  final  preparation  April  25,  1893. 

It  was  proposed  to  compare  the  yield,  as  far  as  quantity 
and  quality  are  concerned,  under  otherwise  corresponding 
circumstances.  Three  varieties  of  potatoes.  Beauty  of 
Hebron,  Clark*s,  New  Queen,  were  chosen  for  the  trial. 
The  seed  potatoes  were  obtained  of  J.  J.  H.  Gregory  & 
Son,  Marblehead. 

Two  plats,  15  and  16,  were  assigned  for  the  cultivation  of 
Beauty  of  Hebron ;  two,  13  and  14,  for  that  of  New  Queen ; 
and  two,  11  and  20,  for  that  of  Clark's  variety. 

One  plat  in  each  case  received  its  potash  supply  in  form  of 
muriate  of  potash  (plats  11,  13  and  15),  and  one  in  each  case 
in  that  of  high-grade  sulphate  of  potash  (plats  14,  16,  20). 

The  actual  amount  of  potassium  oxide  used  in  all  cases 
remained  the  same. 


Statement  of  Fertilizers  used  (Pounds) . 


Per  Plat. 

Per  Acre. 

Plats  11. 13. 15.  j^"***^"*!^*^'''-        •       •       • 
(Bone, 

Plats  14. 16.  20.  \  ^'''P'***"  "'  ^"^^  ^'^^  «^^>'  • 
iBone, 

64 
80 

64 

80 

400 
600 

400 

600 
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CompogiHon  of  Fertilizers  used. 
[Per  Cent.] 


Kitrosen. 

PotMb. 

PbMphoiic 
Add. 

Fine-ground  bone, 
Sulphate  of  potash. 
Muriate  of  potash. 

■        •        •        • 
•        •        •        • 

4.02 

60.20 
46.00 

22.96 

Market  Cost  of  Fertilizers 

. 

Per  put 

Per  Acre. 

Plats  11,  13, 16, 

•2  89 
2  66 

•17  93 
19  95 

Plats  14, 16,  20, 

The  final  mechanical  preparation  of  the  diflferent  plats  was 
the  same  in  all  cases.  The  fertilizer  was  applied  broadcast, 
and  subsequently  thoroughly  harrowed  in  before  planting. 
The  potatoes  were  planted  May  10  on  all  plats  at  the  rate  of 
nineteen  bushels  per  acre,  or  two  and  one-half  bushels  pota- 
toes per  plat.  Potatoes  used  were  either  whole  ones  of 
medium  size,  or  when  larger  were  cut  in  pieces  of  sizes  cor- 
responding to  the  former.  Plats  11  and  20  were  planted 
with  Clark's  variety ;  plats  13  and  14  were  planted  with  New 
Queen  variety ;  plats  15  and  16  were  planted  with  Beauty  of 
.  Hebron  variety. 

The  crop  began  to  break  ground  May  26,  and  was  subse- 
quently cultivated  and  hoed  June  5  and  June  20.  The  pota- 
'  toes  were  in  bloom  June  24,  and  the  tops  began  to  die 
August  14.     The  crop  was  harvested  August  23  and  24. 

The  potatoes  were  in  all  cases  of  a  superior  appearance ; 
only  one-eighth  to  one-ninth  of  the  entire  crop  was  not  mar- 
ketable as  a  first-class  article,  on  account  of  small  size. 
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Ytsuy  OF  Crop. 

A.    Potash  ajpjdied  in  the  Form  of  Muriate. 
TiOd  of  Potatoes  in  Pounds. 


AvouKT  PUR  Plat. 

Rate  pbs  Acrr. 

VARIETY. 

able. 

SmalL 

Total. 

Market- 

able. 

Small. 

Total. 

Plat  11,  CQark's, 
Plat  18,  New  Queen,. 
Plat  15,  Beauty  of  Hebron, 

1,450 
1,620 
2,160 

225 
240 

190 

1,675 
1,860 

2,350 

1 

10,875 
12,150 
16,200 

1,688 
1300 
1,425 

12,56a 
13.950 
17,625 

Yield  of  Potatoes  in  Bushels  ifiO  Founds  per  Bushel), 


Plat  11,  Clark's, 

- 

- 

- 

181 

28 

209 

Plat  13, New  Queen,. 

- 

- 

- 

203 

30 

233 

Plat  16,  Beauty  of  Hebron, 

- 

- 

- 

270 

24 

294 

B.    Potash  applied  in  the  Form  of  High-grade  Svlphate. 
Yield  of  Potatoes  in  Pounds. 


Amount  per  Plat. 

Rate  per  Acre. 

VARIETY. 

Market- 
able. 

Small. 

TotaL 

Market- 
able. 

Small. 

Total, 

Plat  20,  Clark's, 
Plat  14,  New  Queen,. 
Plat  16,  Beauty  of  Hebron, 

1.540 

1.860 
2.190 

230 

190 
240 

1.770 

2.050 
2.430 

11.550 
13,950 

16,425 

1,725 

1,425 
1,800 

13,275 
15,375 
18,225 

Yield  of  Potatoes  in  Bushels  (60  Pounds  per  BusJiel), 


Plat  20,  Clark's, 

- 

- 

- 

193 

29 

222 

•Plat  14,  New  Queen,. 

- 

- 

- 

233 

24 

257 

Plat  16,  Beauty  of  Hebron, 

- 

- 

- 

274 

30 

304 
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From  an  examination  of  the  above  tabular  statement  of  the 
yield  of  the  different  varieties  of  potatoes  on  trial  we  arrived 
at  the  following  conclusions :  — 

1.  The  yield  of  potatoes  is  in  every  instance  larger  in 
case  sulphate  of  potash  has  furnished  the  potash  of  the  fer- 
tilizer used  than  where  muriate  of  potash  has  served  for  that 
purpose. 

2.  The  yield  of  the  three  varieties  of  potatoes  on  trial, 
although  raised  under  a  corresponding  system  of  cultivation 
and  of  manuring,  differs  seriously.  Beauty  of  Hebron  pro- 
duces nearly  one-sixth  more  in  weight  than  the  New  Queen 
variety,  and  one-third  more  than  the  Clark  variety. 

Plats  12,  17,  18,  19  and  21,  which  remained  in  grass  in 
previous  years,  received  as  top-dressing,  muriate  of  potash, 
200  pounds,  and  ground  bone,  600  pounds,  per  acre,  at  an 
early  date  in  the  spring,  1893.  The  grass  was  cut  June  27 
and  28.  As  the  weeds  began  to  infest  the  plats,  the  experi- 
ment of  studying  a  variety  of  grasses  was  closed,  and  the  sod 
turned  under  during  the  month  of  August.  Dry  lands  do 
not  favor  for  any  length  of  time  an  economical  and  clean 
cultivation  of  the  majority  of  our  best  grasses.  For  details, 
see  eleventh  annual  report  for  1893. 


A.     Observations  with  Potatoes  (1894). 

During  the  present  season  the  experiments  of  the  preced- 
ing year  with  potatoes  were  repeated,  and  several  varieties 
of  mixed  forage  crops  substituted  for  the  grasses.  Beauty 
of  Hebron,  Clark's  and  New  Queen  were  the  varieties  of 
potatoes  used  in  the  trial,  the  seed  tubers  being  selected  from 
our  crop  of  the  previous  year.  Beauty  of  Hebron  were 
grown  on  plats  12  and  21,  New  Queen  on  17  and  18,  and 
Clark's  on  19  and  20.  One  plat  in  each  case  was  supplied 
with  potash  in  the  form  of  muriate  of  potash  (17,  19  and  21), 
and  one  in  each  case  in  the  form  of  high-grade  sulphate  of 
potash  (12,  18  and  20). 
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Fertilizer  used. 
[Poonds.] 


Per  Plat. 

Per  Acre. 

Hate  12  18  20  ^  ^"^^^^^  of  potash  (high  grade),  . 
"'     '     '  J  Bone, 

^                       c  Muriate  of  potaah,  .... 
Plate  17, 19,  21,  J                    ir-       ^ 

iBone, 

54 
80 

54 
80 

400 
600 

400 
600 

Composition  of  Fertilizer  used. 


2iltrogen. 

Potash. 

AcKL 

Fine-ground  bone,      .... 
Sulphate  of  potash,     .        .        .        . 
Muriate  of  potash,      .... 

4.09 

50.80 
52.20 

21.86 

Market  Cost  of  Fertilizers, 


Per  Plat.  Per  Acre. 


Hate  12, 18, 20, 
Hate  17, 19,  21, 


$2  80 
2  12 


$17  80 
16  80 


The  field  was  ploughed  April  11,  the  fertilizer  was  applied 
broadcast  April  20,  and  harrowed  in.  The  potatoes  were 
planted  April  24,  at  the  rate  of  two  and  one-half  bushels 
per  plat,  or  nineteen  bushels  per  acre.  As  far  as  possible 
medium-sized  whole  potatoes  were  used  for  seed,  and  when 
larger  ones  were  used  they  were  cut  in  pieces  corresponding 
in  size  to  the  former.  May  11  the  crop  began  to  appear 
above  ground,  but  was  somewhat  nipped  by  the  frost  of  the 
15th.  The  field  was  cultivated  and  hoed  May  30  and  June 
18,  on  which  latter  date  the  first  appearance  of  blooming 
was  noticed  on  the  various  plats.  Beauty  of  Hebron  leading. 
Owing  to  the  severe  drought  during  the  latter  part  of  the 
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growing  period,  the  crop  did  not  turn  out  as  good  as  at  first 
indicated,  there  being  a  serious  falling  off  in  yield  and  an 
unusually  large  proportion  of  small  tubers. 

Yield  of  Chop  (1894). 

A,     Potash  applied  in  the  Form  of  Muriate. 

Yield  of  Potatoes  in  Pounds, 


Amodkt  pes  Plat. 

Rate  pee  Ache. 

VARIETY. 

Market- 
able. 

Small. 

TotaL 

MaAet- 

able. 

BmaU. 

Totid. 

Plat  19,  aark's,    . 
Plat  17,  New  Queen,    . 
Plat  21,  Beauty  of  Hebron,  . 

870 

1,161 

962 

539 
563 
449 

1,409 

1,724 
1,411 

6,660 
8,754 
7,253 

4,064 
4,245 
3,384 

10,724 
12,999 
10,637 

Yield  of  Potatoes  in  Bushels  {60  Pounds  per  Bushel). 


Plat  19,  Clark's,    . 

- 

- 

- 

Ill 

67 

178 

Plat  17,  New  Queen.    . 

- 

- 

- 

146 

70 

216 

Plat  21,  Beauty  of  Hebron, . 

- 

- 

- 

121 

56 

177 

B.     Potash  ajf^ied  in  the  Form  of  High-grade  Sulphate. 
Yield  of  Potatoes  in  Pounds. 


Amoukt  per  Plat. 

Rate  per  Acre. 

VARIETY. 

Market- 
able. 

Small. 

Total. 

Market- 
able. 

Small. 

Total. 

Plat  20,  Clark's,    . 
Plat  18,  New  Queen,     . 
Plat  12,  Beauty  of  Hebron,  . 

741  1     527 

1 

1,183       610 
1,230      511 

1,268 

1,693 

1,741 

5,587 
8,920 
9,274 

3,973 
3,845 
3,853 

9,560 
12,765 
13.12T 

Yield  of  Potatoes  in  Bushels  (60  Pounds  per  Bushel). 


Plat  20,  Clark's.    . 

- 

- 

- 

93 

1 

66 

159 

Plat  18,  New  Queen,     . 

- 

- 

- 

149 

64 

213 

Plat  12,  Beauty  of  Hebron,  . 

- 

- 

- 

154 

64 

218 
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Comparison  of  TtOdfor  1893  and  1894. 
Total  Yield  (^Bushels per  Acre). 


189S. 

1S94. 

of 
Decrease. 

Clark^s,  with  muriate  of  potash,       .   '    . 

209 

178 

14.84 

New  Qaeen,  with  muriate  of  potash. 

233 

216 

7.30 

Beauty  of  Hebron,  with  muriate  of  potash, 

294 

177 

19.80 

Clark^s,  with  sulphate  of  potash, 

222 

159 

28.38 

New  Queen,  with  sulphate  of  potash, 

257 

213 

17.12 

Beauty  of  Hebron,  with  sulphate  of  potash. 

304 

218 

27.60 

Percentage  of  Marketable  Potatoes, 


Clark^s,  with  muriate  of  potash, 

86.60 

62.36 

24.24 

New  Queen,  with  muriate  of  potash. 

87.12 

67.59 

19.53 

Beauty  of  Hebron,  with  muriate  of  potash, 

91.83 

68.36 

23.47 

Clark's,  with  sulphate  of  potash,      . 

86.92 

58.49 

28.43 

New  Queen,  with  sulphate  of  potash, 

90.66 

70.00 

20.66 

Beauty  of  Hebron,  with  sulphate  of  potash. 

90.13 

70.64 

19.49 

The  crop  of  1894  as  compared  with  that  of  1893  is  in 
every  case  smaller,  owing  to  the  exceptionally  dry  season. 

The  relative  proportion  of  marketable  tubers  is  consider- 
ably greater  in  1893  than  in  1894,  owing  to  a  premature 
cessation  of  growth  during  the  drought. 

The  difference  in  yield  of  the  plats  receiving  muriate,  as 
compared  with  those  receiving  high-grade  sulphate  of  pot- 
ash, is  but  slight. 

The  severe  drought  has  affected  results  to  such  an  extent 
that  no  further  conclusions  can  be  drawn  with  reference  to 
the  fertilizer  used. 
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B,     Observations  with  Mixed  Forage  Crops  (J 894). 

Plats  11,  13,  14,  15  and  16,  which  were  used  for  the  pro- 
duction of  potatoes  during  1893,  were  set  apart  for  the  rais- 
ing of  mixed  forage  crops  during  1894.  Plats  11,  13  and 
15  were  fertilized  at  the  rate  of  400  pounds  of  muriate^  of 
potash  and  600  pounds  of  ground  bone  per  acre,  while  plats 
14  and  16  were  fertilized  with  400  pounds  of  high-grade  sul- 
phate of  potash  and  600  pounds  ground  bone.  Vetch,  oats 
and  horse  bean  were  raised  on  Plat  11,  vetch  and  barley  on 
plats  13  and  14  and  vetch  and  oats  on  plats  15  and  16. 
The  plats  were  prepared  for  planting  at  the  same  time  and 
in  a  similar  manner  as  those  used  for  the  raising  of  potatoes. 

Vetch  and  Barley.  —  Plats  13  and  14  were  prepared  for 
the  raising  of  vetch  and  barley.  Plat  13  was  fertilized  with 
muriate  of  potash  and  bone  and  Plat  14  with  sulphate  of 
potash  and  bone.  The  seed  was  sown  April  26,  at  the  rate 
of  45  pounds  vetch  and  3  bushels  barley  per  acre.  The 
plants  appeared  above  ground  May  4. 


Height  of  Plants  on  Plats. 

[Inches.] 


Plat  13 
(MurUte). 


Flat  14 
(Sulphate). 


June  12, 
June  18, 


20 
28 


20 


The  barley  began  to  head  out  June  20,  and  June  23  the 
crop  was  cut  for  hay,  the  vetch  being  just  in  bloom.  The 
yield  of  hay  was  as  follows  :  — 


Per  put 
(Potmda). 

Per  Acre 
(Pounds). 

Plat  13 

766 

677 

6,787 

Plat  14  •        , 

6,077 
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Analyses  of  Vetch  arid  Barley. 
[Equal  nnmber  of  plants  of  each ;  collected  Jnne  22, 1894.] 


Pbs  Cent. 


Flat  18. 


Moisture  at  100°  C, 
Diy  matter,  . 


78.23 
21.77 


77.70 
22.30 


Analysis  of  Dry  Matter, 
Crade  ash, 

"     fibre, 

"fat, 

**     protein,      .... 
Nitrogen-free  extract  matter. 


100.00 


4.64 
32.25 

2.12 
14.44 
46.55 


100.00 

7.80 
32.58 

2.56 
13.36 
43.70 


100.00 


100.00 


Vetch  and  Oats.  — Plats  15  and  16  were  set  aside  for  the 
raising  of  vetch  and  oats.  Plat  15  was  fertilized  with  400 
pounds  muriate  of  potash  and  600  pounds  ground  bone  per 
acre,  and  Plat  16  with  400  pounds  of  high-grade  sulphate  of 
potash  and  600  pounds  ground  bone.  The  land  was  prepared 
as  for  the  other  plats.  The  seed  was  put  in  April  6,  at  the 
rate  of  45  pounds  vetch  and  4  bushels  of  oats  per  acre.  May 
4  the  plants  appeared  above  ground. 


Height 

of  Pljants 
[Inches.] 

on 

Plats. 

PlatW 
(Hnrlate). 

Plat  16 
(Sulphate). 

June  12, 

.        .        • 

. 

. 

. 

20 

20 

June  18, 

. 

. 

. 

26 

24 

June  26, 

. 

• 

• 

33 

33 
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The  oats  began  to  head  out  June  25,  and  the  crop  was  cut 
for  hay  July  2,  the  vetch  being  then  on  the  point  of  bloom- 
ing.    The  yield  of  hay  was  as  follows :  — 


POUKD0. 


Plat  16, . 
Plat  16, . 


Analyses  of  Vetch  and  Oats, 
[Equal  nnmber  of  plants  of  each ;  collected  July  S,  1881.] 


Feb  Cbxt. 


Plat  15. 


Plat  IS. 


Moisture  at  100°  C, 
Dry  matter,  . 


76.24 
23.76 


75.29 
24.71 


Analysis  of  Dry  Matter. 
Crude  ash, 

"     fibre 

**     fat, 

"      protein,       .... 
Nitrogen-free  extract  matter. 


100.00 


9.59 
29.83 

8.18 
18.88 
88.67 


100.00 

8.69 
81.28 

2.68 
16.16 
42.24 


100.00 


100.00 


Vetchf  Oats  and  Horse  Bean.  — Plat  11,  which  was  used 
for  growing  the  above  crop,  was  fertilized  at  the  rate  of  400 
pounds  of  muriate  of  potash  and  600  pounds  of  ground  bone 
per  acre,  the  preparation  of  the  plat  for  the  seed  being  the 
same  as  for  the  other  plats.  May  8  the  seed  was  sown,  at 
the  rate  of  60  pounds  vetch,  60  pounds  horse  bean  and  136 
pounds  of  oats  per  acre.  On  May  16  the  vetch  and  oat 
plants  were  coming  up,  and  the  horse  bean  appeared  on 
the  21st. 
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Height  of  Planis, 

[Inches.] 

June  18, 15 

June  26, 22 

June  28  the  horse-bean  plants  began  to  bloom,  and  July 
2  the  crop  was  cut.  The  plat  yielded  835  pounds  of  hay, 
at  the  rate  of  6,294  pounds  per  acre. 

Analysis  of  Vetck^  Oats  and  Horse  Bean. 

[Three  plants  each  of  vetch  and  of  oats  and  one  of  horse  bean ;  collected  July  9, 1894.] 

Per  Cent. 

Moisture  at  100®  C, 82.13 

Dry  matter, 17.87 

100.00 
Analysis  of  Dry  Matter, 

Crude  ash,     . 10.86 

"     fibre, 80.07 

"fat, 2.70 

"     protein, 18.93 

Nitrogen-free  extract  matter, 77.94 

100.00 
Condustons. 

On  the  wtioUy  vetch  and  oats  leads  vetch  and  barley ,  on 
acoourU  of  the  larger  and  morefoliaceous  character  of  the  oats 
as  compared  with  the  barley.  Vetch^  oats  and  horse  bean 
leads  in  nitrogenotts  matter^  and  no  doitbtwill  exceed  in  regard 
to  the  nvtritious  character  of  the  crop  as  soon  as  the  amount  of 
horse  bean  has  been  dovhledy  as  indicated  above.  {Every  one 
of  these  crops  compares  weU  with  clover  hay.) 

The  large  yield  of  these  crops  per  acre^  their  high  nutritive 
value  and  special  adaptation  for  gre^  fodder  ^  hay  or  ensilage^ 
merit  serious  aUerUionfor  the  support  of  farm  and  dairy  stock. 

The  early  date  of  maturity  presents  exceptionally  good 
chances  of  raising  a  second  crop  for  faU  supply j  or  for  a 
timely  preparation  of  the  soil  for  winter  crops. 


212  AGRICULTURAL  EXPERIMENT  STATION.  [Jan. 


00    ^ 


1) 


G^cL-..-A-4x 


C£,K^C^ 


/CfyiA^     a^M^"^,^"^*.'*!^ 


yCkyt.U- 


r/UkJio^  GJzzr 


z/tz^c^  cw^  iZ-^lZir^ 


tUZcjC  <x^  ^^^^-r^. 


O 

c 


1 


o 

(0 


Z/fi-^tf^  CUX^  ^5^*-^  >»^-^ ^c#.^ 
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3.      FlEIJ>  EXPEBIM£NT8   TO  ASCEBTAIN   THE   InTLUENCE  OF 

Different  Mixtures  of  Commercial  Fertilizers 
ON  THE  Yield  and  General  Character  of  Sev- 
eral Prominent  Garden  Crops. 

Fidd  C. 

The  area  devoted  to  the  above-stated  experiment  is  198 
feet  long  and  183  feet  wide ;  it  is  subdivided  into  six  plats 
of  uniform  size  (89^  by  62  feet,  or  about  one-eighth  of  an 
acre  each).  The  plats  are  separated  from  each  other  and 
from  the  adjoining  cultivated  fields  by  a  space  of  five  feet 
of  unmanured  and  unseeded  yet  cultivated  land.  They  are 
arranged  in  two  parallel  rows,  running  from  west  to  east. 
Nos.  1,  2  and  3  are  along  the  north  side  of  the  field,  begin- 
ning with  No.  1  at  its  west  end,  while  plats  Nos.  4,  6  and  6 
are  located  along  its  south  side,  beginning  with  Plat  4  on  the 
west  end.  The  soil  is  several  feet  deep,  and  consists  of  a 
light,  somewhat  gravelly  loam,  and  was  in  a  fair  state  of 
productiveness  when  assigned  for  the  experiment  here  under 
consideration. 

The  entire  field  occupied  by  the  experiment  is  nearly  on 
a  level.  Its  earlier  history  can  be  learned  from  previous 
annual  reports. 

The  observation  with  raising  garden  crops,  by  the  aid  of 
difierent  mixtures  of  commercial  manurial  substances  here 
under  special  consideration,  began  upon  plats  Nos.  4,  5  and 
6  during  the  spring  of  1891,  and  upon  plats  Nos.  1,  2  and  3 
during  that  of  1892.  The  difference  of  the  fertilizers  applied 
consisted  in  the  circumstance  that  different  forms  of  nitro- 
gen and  potash  were  used  for  their  preparation.  All  plats 
received  essentially  the  same  quantity  of  nitrogen,  potash 
and  phosphoric  acid,  and  every  one  of  them  received  its 
phosphoric  acid  addition  in  the  same  form,  namely,  dis- 
solved bone-black.  Some  plats  received  their  nitrogen  sup- 
ply in  the  form  of  organic  animal  matter,  dried  blood; 
others  in  the  form  of  sodium  nitrate.  Chili  saltpetre ;  others 
in  the  form  of  ammonium  sulphate.     Some  plats  received 
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their  potash  in  the  form  of  muriate  of  potash  and  others  in 
the  form  of  the  highest  grade  of  potassium  sulphate  (95  per 
cent.).  The  subsequent  tabular  statement  shows  the  quan- 
tities of  the  manurial  substances  applied  to  the  different 
plats :  — 


FLAT0. 

Foondk 

( 

Sulphate  of  ammonia, 

38 

Katl,        .      2 

Muriate  of  potash, 
Dissolved  bone-black, 
Nitrate  of  soda,    . 

SO 
40 
47 

Plat  2,        .      ) 

Muriate  of  potash. 
Dissolved  bone-black, 
Dried  blood, 

SO 
40 
75 

Hats,        .      j 

Muriate  of  potash, 
Dissolved  bone-black, . 
Sulphate  of  ammonia, 

80 
40 
88 

Plat  4.        .      > 

Sulphate  of  potash, 
Dissolved  bone-black, , 
Nitrate  of  soda,    . 

80 
40 
47 

Flat  6,        .      > 

Sulphate  of  potash, 
Dissolved  bone-black. 
Dried  blood. 

80 
40 
75 

Hat  6.        .2 

Sulphate  of  potash, 

80 

I 

Dissolved  bone-black, 

40 

This  proportion  corresponds  per  acre  to :  — 

FomidA. 

Phosphoric  acid  (available), 50.4 

Nitrogen,         . 60.0 

Potassium  oxide, 120.0 


BeetSy  cabbages,  celery,  lettuce,  spinach,  tomatoes  and 
potatoes  have  thus  far  been  raised  upon  the  field. 

The  order  of  arrangement  of  the  different  crops  within 
each  plat  was  the  same  in  all  of  them  for  the  same  year. 
They  occupied,  however,  a  different  position  relative  to  each 
other  in  successive  years,  to  introduce,  as  far  as  practicable, 
a  system  of  rotation  of  crops. 
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1892. 


CelerY. 


Lettuce. 


Spinach. 


Beets. 


Cabbages. 


Tomatoes. 


Potatoes. 


1893. 


Spinach. 


Lettuce. 

''RedlCabbaiiJiell' 
Beets. 


Potatoes. 
Beets. 


White  Cabbage. 


Tomatoes. 


1894. 


Potatoes. 


Beans. 


Tomatoes. 

Spinach. 

Lettuce. 


Onions. 


A  computation  of  the  results  of  a  chemical  analysis  of 
twenty  prominent  garden  crops  shows  the  following  average 
relative  proportion  of  the  three  above-stated  essential  ingredi- 
ents of  plant  food :  — 

Nitrogen, 2.2 

Potassium  oxide, 2.0 

Phosphoric  acid, 1.0 


One  thousand  pounds  of  green  garden  vegetables  contain , 
on  the  above-stated  basis  of  relative  propoi*tion  of  essential 
constituents  of  plant  food :  — 

4 . 1  pounds  of  nitrogen. 

8 . 9  pounds  of  potassium  oxide. 

1 . 9  pounds  of  phosphoric  acid. 

The  weights  and  particular  stage  of  growth  of  the  vege- 
tables when  harvested  control  under  otherwise  corresponding 
conditions  the  actual  consumption  of  each  of  these  articles 
of  plant  food.  Our  information  regarding  these  points  is 
still  too  fragmentary  to  enable  a  more  detailed  statement 
here  beyond  relative  proportions.  It  must  suffice  for  the 
present  to  call  attention  to  the  fact  that  a  liberal  manuring 
within  reasonable  limits  pays,  as  a  rule,  better  than  a  scanty 
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one,  especially  in  the  case  of  those  crops  which  reach  in  a 
short  period  the  desired  state  of  maturity. 

The  various  mixtures  of  fertilizers  used  by  us  in  the 
experiments  under  discussion  provide  by  actual  supply  for 
one-half  of  the  available  nitrogen  actually  called  for  to  meet 
the  demand  as  above  pointed  out.  A  liberal  cultivation  of 
peas  and  beans  cannot  fail  to  benefit  the  nitrogen  resources 
of  the  soil. 

1894.  — The  field  was  ploughed  April  22,  and  the  fertil- 
izer mixtures  previously  given  were  applied  broadcast  the 
23d  and  thoroughly  harrowed  in.  Potatoes,  beans,  tomatoes, 
spinach,  lettuce  and  onions  were  the  crops  selected  for  trial 
in  each  plat,  being  arranged  as  follows,  beginning  at  the 
west  side  of  each  plat :  — 

Five  rows  of  potatoes  (Beauty  of  Hebron) . 

Six  rows  of  beans. 

Two  rows  of  tomatoes  (Essex  Hybrid) . 

Two  rows  of  spinach  (New  Zealand) . 

One  row  of  lettuce  (Hanson) . 

Four  rows  of  onions  (Yellow  Globe  Danvers) . 

Lettuce  and  tomato  plants  were  raised  in  the  hot-bed  and 
subsequently  transferred  to  the  plats.  The  work  of  seed 
sowing  and  transplanting  was  done  for  each  particular  kind 
on  the  same  day.  April  25  the  potatoes  were  planted,  one 
bushel  of  seed  being  used  per  plat ;  the  spinach  and  onion 
seed  were  put  in  April  26 ;  the  beans  on  May  7 ;  May  18 
the  lettuce  plants  were  set  out  from  the  hot-bed,  and  the 
tomato  plants  on  May  19.  The  onion  plants  began  to 
appear  May  7 ;  the  spinach  plants  May  9 ;  the  potatoes 
appeared  on  the  11th,  being  touched  by  the  frost  of  the  15th ; 
the  beans  began  to  appear  May  17,  but  owing  to  poor  ger- 
mination on  plats  2,  3,  5  and  6  additional  seed  was  put  in 
about  the  last  of  May.  All  crops  were  kept  free  from  weeds 
and  treated  similarly  throughout  the  season.  The  various 
crops  were  harvested  whenever  fit  for  the  market.  A  severe 
drought  during  the  months  of  July  and  August  affected  seri- 
ously the  yield  of  crops  and  the  time  of  harvesting.  The 
subsequent  statements  give  data  regarding  date  of  maturity 
and  yield  of  the  different  crops. 


1895.] 


PUBLIC  DOCUMENT  — No.  33. 


217 


Yield  of  Spinach  (  Variety  New  Zealand) . 


Plats. 

Plat  1  (two  rows), . 
Plat  2  (two  rows),  . 
Plat  3  (two  rows),  . 
Plat  4  (two  rows),  . 
Plat  6  (two  rows).  . 
Plat  6  (two  rows),  . 


101 

216 

165 

161f 

258 

113f 


The  seed  was  sown  April  26;  the  crop  was  harvested 
July  2. 


Yield  of  Lettuce  (Variety  Hanson). 


Plats. 

Perfect 
Heads. 

Pounds. 

Plat  1  (one  row ;  eighty-one  plants). 
Plat  2  (one  row ;  one  hundred  and  two  plants), 
Plat  3  (one  row ;  one  hundred  and  six  plants), 
Plat  4  (one  row ;  one  hundred  and  two  plants). 
Plat  5  (one  row ;  one  hundred  and  six  plants). 
Plat  6  (one  row ;  ninety-two  plants). 

45 
97 

81 

95 

104 

71 

38J 
76t 
54J 
744 
984 
48 

The  plants  were  set  out  May  17 ;   they  were  harvested 
June  29. 
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TiOd  of  Potatoes  (  Variety  Beauty  of  Hebron) . 


Poinn»s. 

Plats. 

Marketable. 

SmalL 

TotaL 

Plat  1  (five  rows),     .... 

205 

115 

820 

Plat  2  (five  rows),     .... 

240 

175 

415 

Plats  (five  rows),     .        .        .        . 

220 

160 

870 

Plat  4  (five  rows),     .... 

220 

170 

395 

Plats  (five  rows),     .        .        .        . 

195 

195 

890 

Plate  (five  rows),     .        .        .        . 

240 

155 

395 

The  potatoes  were  planted  April  25 ;  they  were  harvested 
August  7. 


Tidd  of  Beans. 


Poandt. 


Plat  1  (six  rows). 
Plat  2  (six  rows), 
Plat  3  (six  rows), 
Plat  4  (six  rows). 
Plat  5  (six  rows), 
Plat  6  (six  rows). 


45 
32 
41 
20 
37 
49 


The  beans  were  planted  May  7.  The  germination  on  plats 
2,  3,  5  and  6  was  very  imperfect,  and  May  27  extra  seed  was 
put  in  on  these  plats.  June  25  first  pf* plants  came  into 
bloom ;  they  were  threshed  August  17. 
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Yield  of  Onions  {Variety  TeUow  Globe  Danvera). 


Plats. 


Plat  1  (four  rows). 
Plat  2  (four  rows), 
Plats  (four rows), 
Plat  4  (four  rows). 
Plat  6  (four  rows), 
Plate  (four rows), 


166 
249 
251 
256 
266 
204 


The  seed  was  sown  April   26 ;   the  *crop  was  harvested 
September  24. 

Yield  of  Tomatoes  {Variety  Essex  Hybrid). 


POUSTDS. 

Datb  of  Habvbstixo. 

1. 

s. 

s. 

4. 

5. 

6. 

August  10  (matured),    . 

- 

3 

10 

9 

7 

8 

August  14  (matured),   . 

8 

25 

12 

13 

12 

12 

August  17  (matured),   . 

29 

77 

40 

52 

60 

31 

August  20  (matured),   . 

38 

71 

82 

81 

79 

69 

August  23  (matured),   . 

22 

43) 

47 

41J 

48 

38 

August  27  (matured),   . 

56 

77 

61 

93 

74 

69 

August  31  (matured),   . 

54 

70 

56 

92 

76 

66 

September  4  (matured). 

31 

45 

40 

46 

50 

56 

September  10  (matured). 

60 

68 

54 

85 

112 

66 

Total  weight  of  matured 
tomatoes. 

402 

298 

489 

512 

518 

415 

September  11  (green), . 

54 

70 

56 

92 

76 

56 

Total  weight  of  green  and 
matured,. 

352 

559 

458 

604^ 

594 

571 

There  were  two  rows  of  tomatoes  in  each  plat,  with  22 
plants  in  each  row.  They  were  set  out  May  19  and  began 
to  bloom  June  5. 
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Potatoes  {Variety  Beauty  of  Hebron). 


PonnDs. 

Flats. 

1891. 

ISM. 

IMS. 

18S4. 

Plat  1  (five  rows), 

- 

585 

400 

320 

Plat  2  (five  rows), 

- 

665 

520 

415 

Plats  (five  rows). 

- 

545 

890 

370 

Plat  4  (five  rows). 

735 

640 

525 

395 

Plats  (five  rows). 

780 

740 

520 

890 

Plat  6  (five  rows), 

_ 

435 

580 

396 

Tomatoes  (  Variety  Essex 

Hybrid) 

FOUKDS. 

Plats. 

ISSl. 

ISM. 

ISM. 

1SS4. 

Plat  1  (two  rows). 

- 

464 

363 

352 

Plat  2  (two  rows). 

- 

572 

874^ 

559 

Plat  3  (two  rows). 

- 

466 

807 

458 

Plat  4  (two  rows). 

641 

515 

818 

604 

Plats  (two rows). 

647 

593 

978^ 

594 

Plat  6  (two  rows). 

- 

332 

515 

671 
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Lettuce  (Variety  Hanson) . 


SKTSMTT  PLAHT& 


UM. 


IMS. 


1M4. 


Plat  1  (one  row),. 
Flat  2  (one  row),. 
Plats  (one  row). 
Flat 4  (one  row),, 
Flat  5  (one  row), 
Plate  (one  row). 


41J 

36 

43 

76 

60 

36 


40} 

42 

46 

62 

70 

55 


29 
52 
36 
50 

6a 

33 


Spina/:h  (  Variety  New  Zealand) . 


PUITS. 

ISM. 

ISM. 

ISM. 

Plat  1  (two  rows),  .... 

192 

167J 

101 

Flat  2  (two  rows),  .... 

233 

182 

216 

Flat  3  (two  rows),  .... 

202 

180i 

165 

Flat  4  (two  rows),  .... 

230 

- 

161} 

Plats  (two rows),  .... 

232 

210 

253 

Plat  6  (two  rows),  .... 

134 

198i 

113f 

From  our  observations  as  above  reported,  extending  over 
three  years,  we  may  draw  the  following  conclusions  :  — 

Potash  in  the  form  of  sulphate  has  given  the  most  satisfac- 
tory results,  as  compared  with  muriate,  in  the  case  of  pota- 
toes, tomatoes,  lettuce  and  spinach,  and  with  onions  during 
the  present  season. 

Nitrogen  in  the  form  of  nitrate  of  soda  has  given  us,  with- 
out regard  to  the  potash  source,  the  most  satisfactory  returns 
in  case  of  spinach,  lettuce,  potatoes  and  tomatoes,  and  with 
onions  during  the  present  season. 
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LeUuce  (aatnpfed  July  6j  1893). 


FUtl 
(Per  Cent.). 


put  4 
(Per  Cent.). 


Moisture  at  100^  C, 
Diy  matter,  . 


Analysis  of  Dry  Matter, 
Crude  ash, 

••     fibre, 

»»     fat, 

*•     protein,       .... 
Nitrogen-free  extract  matter, 


96.98 
8.07 


100.00 


17.84 
13.35 
8.86 
23.88 
41.62 


100.00 


96.97 
8.08 


100.00 

15.66 
14.11 
8.44 
26.85 
89  .«4 


100.00 


Fertilizing  Constituents. 


Moisture  at  100°  C, 96.980 

Calcium  oxide, .026 

Magnesium  oxide, j  .005 

Sodium  oxide, .015 


Potassium  oxide,  . 
Phosphoric  acid. 
Nitrogen, 
Insoluble  matter, . 


.241 
.017 
.117 
.124 


96.970 
.026 
.008 
.018 
.233 
.036 
.180 
.104 


1895.] 


PUBLIC  DOCUMENT  — No.  33. 


223 


Spinach  (sampled  July  12 j  1893). 

PUtl 

(PwC«Dt). 

Plati 
(Percent). 

Moisture  at  100°  C, 

. 

. 

92.80 

91.63 

Dry  matter,  . 

ilysis 

of  Dry 

MaUer. 

7.20 

8.87 

Am 

100.00 

100.00 

Crude  ash,     . 

. 

. 

29.47 

29.06 

"     fibre,  . 

. 

• 

12.49 

11.77 

"     fat,      . 

. 

. 

2.42 

2.12 

"     protein. 

. 

. 

26.45 

28.53 

Nitrogen-free  e 

stract  matter, 

80.17 

28.52 

100.00 

100.00 

Fertilizing  Constiiuents. 


Moisture  at  100°  €.,...«...'      92.800 


Calcium  oxide. 
Magnesium  oxide, 
Sodium  oxide. 
Potassium  oxide,  . 
Phosphoric  acid,    . 
Nitrogen, 
Insoluble  matter,  . 


.054 
.049 
.199 
.838 
.046 
.293 
.278 


91.630 
.065 
.052 
.230 
1.076 
.056 
.382 
.272 
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Beets. 


(Per  Cent). 


Plat  4 
(Percent.). 


Moisture  at  100^  C, 
Diy  matter,  . 


Analysis  of  Dry  Mailer. 
Grade  ash, 

"     fibre, 

"fat, 

"      protein,       .        .        .        .        , 
Nitrogen-free  extract  matter. 


79.64 
20.46 


100.00 


5.46 
5.68 


14.56 
78.97 


100.00 


82.91 
17.09 


100.00 

5.72 

5.88 

.86 

18.59 

74.45 


100.00 


Fertilizing  Constituents. 


Moisture  at  100®  C, 
Calcium  oxide, 
Magnesiimi  oxide. 
Sodium  oxide. 
Potassium  oxide,  . 
Phosphoric  acid,   . 
Nitrogen, 
Insoluble  matter,  . 


79.540 
.143 
.081 
.098 
.524 
.186 
.476 
.109 


82.910 
.077 
.025 
.125 
.450 
.113 
.368 
.106 
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Cabbage, 


Moisture  at  100°  C, 
Dry  matter    . 


Analysis  of  Dry  Matter, 
Crude  ash, 

"      fibre, 

"      fat, 

"      protein,       .... 
Nitrogen-free  extract  matter, 


Fertilizing  Constituents. 


Moisture  at  100°  C, 
Calcium  oxide, 
Magnesium  oxide. 
Sodium  oxide, 
Potassium  oxide,  . 
Phosphoric  acid,    . 
Nitrogen, 
Insoluble  matter,  . 
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Tomatoes. 


riat  1 

(Per  Ceut.). 


Plst4 
(Per  C«nt.). 


Moisture  at  100°  C, 
Dry  matter,  . 


Analysis  of  Dry  Matter, 
Crude  ash, 

"      fibre, 

"fat, 

"      protein, 

Nitrogen-free  extract  matter. 


98.51 
6.49 


100.00 


7.99 

9.71 

4.96 

16.67 

60.77 


100.00 


94.44 
5.56 


100.00 

7.18 

9.40 

4.95 

20.86 

67.62 


100.00 


Fertilizing  Constituents. 


Moisture  at  100°  C, 
Calcium  oxide. 
Magnesium  oxide, 
Sodium  oxide, 
Potassium  oxide,  . 
Phosphoric  acid,    . 
Nitrogen, 
Insoluble  matter,  . 


93.610 
.080 
.019 


.868 
.046 
.170 
.011 


94.440 
.024 
.014 

.866 

.089 
.185 
.021 


•  Not  determined. 
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Potatoes. 


Moisture  at  100°  C,      . 
Dry  matter,  . 


Analysis  of  Dry  Matter, 
Grade  ash, 

"     fibre, 

"fat, 

"     protein,       .... 
Nitrogen-free  extract  matter. 


I  PlHt  1 

I    (Percent.). 


80.71 
19.29 


100.00 


4.71 

2.26 

.54 

'       10.98 

81.51 


100.00 


Flat  4 
(PerCeut.). 


81.17 
18.83 


100.00 

4.64 

2.35 

.42 

10.06 

82.63 


100.00 


Fertilizing  Constituents, 


Moisture  at  100°  C, 
Calcium  oxide, 
Magnesium  oxide. 
Sodium  oxide. 
Potassium  oxide,  . 
Phosphoric  acid,  . 
Nitrogen, 
Insoluble  matter,  . 
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Field  (7,  Eastern  Portion. 

The  part  of  Field  C  east  of  the  experiment  plats  is  183  bj 
131  feet,  and  contains  .55  acre,  being  divided  into  two  equal 
portions  by  the  strip  of  uncultivated  land  passing  through 
the  centre  of  the  field.  The  fertilizer  applied  consisted  of 
300  pounds  of  fine-ground  bone  and  100  pounds  of  muriate 
of  potash.  A  strip  20  feet  wide  was  set  off  at  the  western 
side  of  the  portion  for  special  trials  with  vegetables,  etc. 
The  northern  portion  remaining  was  used  for  the  production 
of  carrots  and  the  southern  portion  for  globe  mangolds.  In 
both  cases  the  seed  was  put  in  May  4  and  the  young  plants 
appeared  above  groimd  the  14th.  The  field  was  kept  firee 
from  weeds  during  the  growing  season,  and  the  mangolds 
were  harvested  on  October  9,  yielding  3,840  pounds  of 
roots,  or  15,368  pounds  per  acre.  The  carrots  were  har- 
vested October  11,  giving  5,563  pounds,  or  22,363  pounds 
per  acre.  The  space  west  of  the  mangolds  was  used  for 
trials  with  oats.  Three  varieties,  sent  on  by  J.  A.  Everett, 
Indianapolis,  Ind.,  were  tested.  They  were:  No.  1,  Col- 
garry  Gray;  No.  2,  Rust  Proof;  and  No.  3,  White  Supe- 
rior Scotch.  Two  rows  of  each  (89  feet  long)  were  planted. 
The  oats  were  sown  in  drills  May  4  and  germinated  May  10. 


Height  of  Oats. 
[IncheB.] 


I  JanoS 


Jun«  96.    Jnljr  8. 


No.  1,  Colgarry  Gray, . 

No.  2,  Rust  Proof, 

No-  3,  White  Superior  Scotch, 


15 
12 
15 


23 
18 


90 
20 
30 


The  oats  were  somewhat  affected  by  rust  during  the  season, 
No.  2  suffering  more  than  the  others.  June  29  the  oats  began 
to  head  out.  Nos.  1  and  3  were  cut  July  16 ;  No.  2,  several 
days  later. 
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Yield  of  Oats. 
[Pounds.] 


ToUl 
Weight 

Grain. 

straw. 

Per  Cent, 
of  Grain. 

Xo.  1,  Colgarry  Gray,  .... 

No.  2,  Rust  Proof, 

No.  3,  White  Superior  Scotch,      . 

38 
48 
41 

15 

71 

23 

38| 

33i 

89.50 
10.40 
18.30 

The  space  west  of  the  carrots  was  given  to  the  raising  of 
peas,  Wisconsin  tree  bean,  bush  lima  bean  and  potatoes. 
The  peas  were  sent  on  for  trial  by  James  J.  H.  Gregory  & 
Son,  Marblehead,  Mass.,  and  were  numbered  1,  2  and  3, 
there  being  one  row  of  each.  They  were  planted  May  4, 
coming  up  about  the  11th.  June  11  No.  1  began  to  bloom, 
and  June  14  Nos.  2  and  3,  the  different  rows  haying  then  the 
following  heights :  — 

Inches. 

No.  1, 12 

No.  2. 6 

No.  8, 11 

June  25  there  were  pods  ready  for  picking  on  No.  1 ;  June 
29,  on  No.  2,  with  a  few  on  No.  3.  No.  1  proved  to  be  the 
best  yielder. 

West  of  the  peas  was  one  row  each  of  bush  lima  beans  and 
Wisconsin  tree  beans.  The  lima  beans  were  sent  on  by  the 
United  States  Department  of  Agriculture  and  the  Wisconsin 
tree  beans  by  J.  A.  Everett.  The  Wisconsin  tree  beans  came 
into  bloom  June  25  and  the  bush  lima  beans  on  July  9,  but 
the  latter  failed  to  reach  maturity. 

The  remaining  row  was  planted  to  a  variety  of  potatoes, 
Nos.  1-6  of  which  were  sent  on  by  J.  A.  Everett,  Indianap- 
olis, Ind.,  and  No.  7  by  Richard  Nott,  Burlington,  Vt.  They 
were  planted  May  4,  and  May  17  No.  1  began  to  appear; 
Nos.  2,  3,  5  and  6  on  the  20th ;  No.  7  on  the  23d  and  No.  4 
on  the  24th.  July  5  Nos.  1,  2,  3  and  6  were  noted  as  com- 
ing into  bloom,  the  others  being  a  little  later.  August  22 
the  tubers  were  dug,  and  yielded  as  follows  :  — 
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No. 

Nake. 

No.  of 
Hills. 

No.  of 
Tubers. 

ToUl 
Weight. 

Market. 

able 
Tubers 

Weight. 

Small 
Tttbera. 

Weight 

Early  Everett,     . 

08 

lbs.  oz. 
10    14 

84 

lbs.  oz. 
7    12 

84 

Ibs.oz. 
8 

Rural  New  Yorker,    . 

6S 

9    12 

30 

8    10 

14 

1    4 

Colossal,      . 

74 

18    12 

43 

10    12 

81 

3 

Heavyweight,  . 

77 

7    14 

15 

3 

62 

4    14 

Everett's  Six  Weeks, 

64 

6    11 

16 

2    13 

48 

2    14 

Green  Mountain, 

68 

12    4 

40 

0    15 

28 

2    5 

Kott's  Seedling  No.  7, 

19 

3    9 

13 

8    8 

6 

6 

00 


1) 


ST 


:£? 

^zr 

Oi^? 

(^isCU,.  <ft^»^.  •»:, 

■^jLo^M)(Mlfif4J^ 
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O 
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o 

"3 
o 
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4.     Experiments  with  Forage   Crops   (Twenty-seven). 

Field  D. 

This  field  has  been  used  for  the  past  three  years  for  the 
raising  of  a  variety  of  reputed  annual  and  perennial  fodder 
crops,  in  the  majority  of  cases  new  to  our  section  of  the 
country,  to  study  their  adaptation  to  our  climate  and  soil. 
Some  of  them  have  since  been  raised  on  a  larger  scale  success- 
fully and  profitably  for  the  support  of  our  dairy  stock,  as 
southern  cow-pea,  serradella,  early-maturing  soja  bean,  late- 
maturing  soja  bean,  summer  vetch  and  oats,  summer  vetch 
and  barley,  and  vetch,  oats  and  horse  bean. 

The  field  is  328  feet  long  and  70  feet  wide,  covering  an 
area  of  22,960  square  feet,  or  .527  acre.  The  field  was 
ploughed  April  30,  and  May  1  a  fertilizer  mixture  was 
applied  at  the  rate  of  600  pounds  of  fine-ground  bone  and 
200  pounds  of  muriate  of  potash  per  acre.  The  fertilizer 
was  applied  broadcast  and  harrowed  in.  The  difierent  crops 
were  planted  in  rows  two  and  one-half  feet  apart,  and  were 
kept  free  from  weeds  throughout  the  season.  They  were 
arranged  in  the  field  during  the  past  season  in  the  following 
order,  beginning  at  the  west  end :  — 

Prickly  comf rey  {Symphytum  offlcinalia) . 

Alfalfa  {Medicago  scUiva) . 

Kidney  vetch  (AiUhyllis  vulneraria) . 

Forest  pea  or  flat  pea  {IxUhyrus  sylvestris) . 

Crimson  clover  {Trifolium  incarncUum). 

Alsike  clover  (  Trifolium  hybridum) . 

Medium  red  clover  (  Trifolium  medium) . 

Sainfoin  (Onobrychis  sativa) . 

Japanese  clover  (Lespedeza  stricUa), 

Winter  rape  (Brassica  napus). 

Dwarf  Essex  rape  {Brassica  napus). 

Serradella  {Ornithopus  sativus) . 

Vetch  (  Vicia  sativa) . 

Bokhara  clover  {Melilotus  alba) . 

Yellow  lupine  {Lupinus  IuUtis)  . 

Blue  lupine  {Lupinus  perennis) . 

White  lupine  {Lupinus  alba) . 

Southern  cow-pea  {Dolichos  sinensis) . 
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Horse  bean  (Viciafdba). 
Early-mataring  soja  bean  (Soja  hispida) . 
Late-maturing  soja  bean  {Soja  hispida). 
Silver-hull  buckwheat  (Fagopyrum  esculentum) . 
Japanese  buckwheat  (Fagopyrum  esculentum) . 
Common  buckwheat  (Fagopyrum  esculentum). 
Hog  millet. 
Golden  wonder  millet. 
Spanish  peanut. 

Prickly  comfrey  (Symphytum  officinalis)^  one  row.  The 
roots  remained  in  the  ground  and  wintered  well  during  the 
winter  of  1893-94,  but  were  moved  to  their  present  position 
before  the  field  was  ploughed  during  the  spring.  The  crop 
made  a  good  growth,  coming  into  bloom  June  1.  June  14 
a  part  of  it  was  cut  for  feeding  (containing  86.67  per  cent, 
moisture)  ;  the  remainder  was  cut  June  21.  A  second  growth 
was  made,  which  was  cut  during  the  fall.  Following  is 
given  the  analysis  of  the  crop :  — 

Per  Cent. 

Moisture  at  100°  C, 86.67 

Dry  matter, 18.83 

100.00 
Analysis  of  Dry  Matter, 

Crude  ash, 21.12 

"      fibre, 11.03 

"fat, 2.06 

"      protein, 17.49 

Nitrogen-free  extract  matter, 48.00 

100.00 
Fertilizing  ConstUtierUs, 

Moisture  at  100°  C, 86.79 

Dry  matter  contains :  — 

Nitrogen, 2.80 

Potassium  oxide, 5.76 

Phosphoric  acid, .87 

This  plant  has  been  reconmiended  as  a  forage  crop  for 
dairy  stock  which  can  be  grown  upon  lands  where  legu- 
minous crops  fail  to  give  satisfactory  results. 

Alfalfa  (Medicago  saliva)^  five  rows.  The  seed  was  pur- 
chased of  J.  M.  Thorburn  &  Co.,  New  York,  at  twenty  cents 
per  pound.     The  seed  was  sown  May  10,  appearing  above 
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ground  May  17.  The  plants  were  twelve  inches  high  July 
3,  fourteen  inches  high  July  10.  They  suffered  greatly  from 
the  effects  of  tiie  dry  weather.  Following  is  an  average 
analysis  of  the  crop  as  hay :  — 

Per  Cent, 

Moisture  at  100°  C 9.60 

Dry  matter, 91.40 

100.00 
Analysis  of  Dry  Matter, 

Crude  ash, 8.11 

'*     fibre, 29.72 

"fat, 1.66 

"      protein, 14.22 

2^trogen-free  extract  matter, 46.20 

100.00 
Dij  matter  contains :  — 

Nitrogen, 2.21 

Potassium  oxide, 1.55 

Phosphoric  acid, .56 

We  have  experimented  with  alfalfa  at  different  times  dur- 
ing the  existence  of  the  station,  as  will  be  noted  from  pre- 
vious annual  reports,  with  but  little  encouragement,  as  the 
crop  suffered  seriously  from  winter-killing. 

Kidney  vetch .  (^n^AyZZis  vulneraria)^  five  rows.  The 
seed  was  sown  May  10,  the  plants  appearing  May  25. 
Being  a  perennial,  the  growth  of  the  present  season  was  but 
slight.  Below  is  given  an  analysis  of  the  second  growth, 
»cut  when  in  bloom :  — 

Per  Cent, 

Moisture  at  100°  C, 80.85 

Dry  matter, 19.15 

100.00 
Analysis  of  Dry  Matter. 

Crude  ash, 13.28 

"      fibre, 14.94 

"fat 8.51 

**      protein, 18.43 

Nitrogen-free  extract  matter, 48.94 

100.00 
Dry  matter  contains :  •— ' 

Nitrogen, 2.94 

Potassium  oxide, 1 .  75 

Phosphoric  acid, .44 
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This  plant  prospers  particularly  upon  a  sandy  soil,  where 
other  leguminous  plants  fail  to  give  satisfactory  returns. 
Its  cultivation  has  of  late  received  considerable  attention  in 
leading  agricultural  districts  of  Europe,  for  the  above  reason. 

Flat  pea  or  forest  pea  {Lathyms  sylvestris),  six  rows. 
Four  rows  remained  in  the  ground  from  last  season,  but, 
having  winter-killed  somewhat,  they  were  combined  into 
two.  On  May  10  four  rows  were  sown  with  seed  obtained 
of  Delano  Bros.,  Lee  Park,  Neb.  The  young  plants  began 
to  appear  above  ground  June  6.  The  two  rows  of  older 
plants  made  a  good  growth,  coming  into  bloom  June  18. 
It  was  cut  July  12  for  feeding,  having  then  formed  a  number 
of  pods.     The  sample  for  analysis  was  taken  at  this  time :  — 

Percent- 

Moisture  at  lOOo  C, 78.80 

Dry  matter, 21.20 

100.00 
Analysis  of  Dry  Matter, 

Crude  ash, 9.35 

"     fibre, 28.27 

"fat, 8.29 

"      protein, 27.26 

Nitrogen-free  extract  matter, 81.83^ 

lOO.OO 
Dry  matter  contains :  — 

Nitrogen, 4.86 

Potassium  oxide, 2.57 

Phosphoric  acid, .90 

Our  results  thus  far  obtained  are  not  encouraging  as  far  as 
adaptation  to  our  clime  and  soil  is  concerned.  The  plant 
grows  slowly  during  its  earlier  period,  and  has  suffered 
repeatedly  from  winter-killing.  Its  high  nutritive  value 
may  be  judged  from  the  above  analysis.  Whether  it  is 
acceptable  to  dairy  stock  as  green  fodder  is  somewhat  in 
question.  Judging  from  the  observations  of  others,  its  best 
use  is  as  silage. 

Crimson  clover  {Trifolium  incamatum)^  six  rows.  The 
seed  was  sown  May  10,  appearing  above  ground  the  15th. 
The  growth  during  the  early  part  of  the  season  was  promis- 
ing, but  the  dry  weather  made  practically  a  failure  of  it  as 
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far  as  yield  was  concerned.  The  seed  was  purchased  of 
J.  M.  Thorburn  &  Co.,  New  York,  at  twelve  and  one-half 
cents  per  pound.  As  the  crop  had  suffered  from  the  drought 
considerably  when  reaching  its  maturity,  the  analysis  was 
left  for  another  season. 

Alsike  clover  {Trifolium  hybridum)^  six  rows.  The  seed 
was  sown  May  10,  the  young  plants  beginning  to  appear 
above  ground  May  17.  This  crop  was  also  seriously  affected 
by  the  drought.  The  seed  was  obtained  of  J.  M.  Thorburn 
&  Co.,  New  York,  at  25  cents  per  pound.  An  average 
analysis  of  the  dry  material  is  given  below :  — 

Per  Cent. 

Moisture  at  100°  C, 9. 95 

Dry  matter, 90.07 

100.00 
Analysis  of  Dry  Matter, 

Crude  ash, 11.90 

"     fibre, 26.17 

"fat, 2.58 

"     protein, 16.63 

Kitrogen-free  extract  matter, 42.72 

100.00 
Dry  matter  contains :  — 

Nitrogen, 2.48 

Potassium  oxide, 2.47 

Phosphoric  acid, .74 

This  variety  of  clover  has  served  us  well  in  our  meadows, 
it  being  seeded  every  two  years  at  the  rate  of  three  to  four 
pounds  per  acre,  applied  in  the  spring. 

Medium  red  clover  {Trifolium  medium)^  five  rows.  The 
seed  was  sown  May  10,  first  appearing  above  ground  May 
17.  The  crop  did  not  make  sufficient  growth,  on  account  of 
the  dry  weather,  so  that  it  was  not  cut.  The  seed  was  pur- 
chased of  J.  M.  Thorburn  &  Co.,  New  York,  at  fifteen 
cents  per  pound.  Below  is  given  an  analysis  of  the  dry 
fodder :  — 

Per  Cent. 

Moisture  at  100°  C, 11.41 

Dry  matter, 88.59 

100.00 


236  AGEICULTURAL  EXPERIMENT  STATION.  [Jan. 


Analysis  of  Dry  Matter, 

Per  CenL 

Crude  ash, 9.84 

"     fibre, 27.51 

"fat, 2.13 

"     protein, 15.75 

Nitrogen-free  extract  matter, 44.77 

100.00 
Dry  matter  contains :  — 

Nitrogen, 2.37 

Potassium  oxide, 2.48 

Phosphoric  acid, .48 

As  this  is  the  standard  variety  of  clover  for  use  on  grass 
lands,  no  fiirther  discussion  with  regard  to  its  merits  is 
needed. 

Sainfoin  (Onobrychia  sativa)^  four  rows.  The  sainfoiji 
remained  in  the  ground  from  last  year,  the  five  rows  being 
reduced  to  four.  It  started  into  growth  well,  and  May  19 
had  commenced  to  bloom.  It  was  sampled  for  analysis 
on  May  28  and  June  7,  being  cut  for  feeding  June  11, 
when  thirty  inches  high.  It  made  a  very  good  second 
growth,  coming  into   bloom  July  17. 


May  28 

(Percent). 


Jane? 
(Per  Cent.). 


Moisture  at  100°  C, 
Dry  matter,  . 


Analysis  of  Dry  Matter. 


Crude  ash, 
"      fibre, 
"      fat. 


"     protein, 
Nitrogen-free  extract  matter, 


79.49 
20.51 


100.00 


8.06 
22.63 

2.88 

15.95 

50.55 

100.00 


76.27 
23.73 


100.00 

9.56 
22.49 

2.78 

18.11 

47.06 

100.00 
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Fertilizing  Constituents, 

Per  Cent. 

Moisture  at  100°  C. 12.17 

Dry  matter  contains :  — 

Nitrogen, 2.99 

Potassium  oxide, 2.29 

Phosphoric  acid, 86 

This  crop  requires  a  calcareous  soil  and  dry  subsoil  to  do 
its  best. 

Japanese  clover  (Lespedeza  striata) ,  five  rows.  Seed  sown 
May  10,  first  appearing  above  ground  June  !•  Being  a  per- 
ennial,  the  plant  did  not  make  sufficient  growth  to  permit  of 
an  analysis.  The  seed  was  sent  on  by  the  United  States 
Department  of  Agriculture. 

Winter  rape  {Brassica  napus) ,  five  rows.  The  seed  was 
sown  May  10,  the  young  plants  appearing  above  ground 
May  15.  The  seed  was  obtained  of  D.  Landreth  &  Sons> 
Philadelphia,  Pa.  July  6  a  portion  of  the  rape  was  cut  and 
fed  out,  being  about  fourteen  inches  high.  Analysis  at  this, 
period :  — 

Per  Cont. 

Moisture  at  100°  C, 83.34 

Dry  matter, 16.66 

loo.oa 

Analysis  of  Dry  Matter. 

Crude  ash 22.44 

"     fibre, 12.26 

"fat, 8.06 

"     protein, 15.16 

Nitrogen-free  extract  matter, 47.08 

100.00 

Dwarf  Essex  rape  (Brasstca  napus)  ^  five  rows.  The  seed 
was  sown  May  10,  appearing  above  ground  May  17.  It 
made  a  good  growth.  July  6  one  row  was  cut  for  feeding, 
being  twenty-three  inches  high  at  the  time.  Analysis  of  a 
sample  taken  at  this  time  showed  it  to  have  the  following 
composition :  — 

Percent. 

Moisture  at  100®  C, 94.67 

Dry  matter, 5.43 

ibo.oa 
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Analysis  of  Dry  Matter, 

FerCent 

Crude  ash, 16.11 

»'      fibre 18.96 

"fat, S.80 

"      protein 12.86 

Nitrogen-free  extract  matter, 42.27 

100.00 

Both  varieties  of  rape  are  known  as  valuable  fodder  plants, 
as  well  as  suitable  crops  for  green  manuring.  Neither  of 
these  varieties  come  to  blooming  during  the  present  season. 
They  are  expected  to  fiimish  valuable  green  fodder  during 
the  coming  season. 

Serradella  {OmilJiqpiis  sativus),  five  rows.  The  seed  was 
sown  May  10,  the  plants  appearing  above  ground  May  21. 
The  crop  made  a  good  growth,  coming  into  bloom  July  5. 
July  10  the  plants  were  eleven  inches  high.  The  seed  was 
purchased  of  Henry  Nungesser,  New  York,  at  ten  cents  per 
pound.  Following  is  given  an  average  of  the  analyses  of 
serradella  made  at  the  station  :  — 

Percent 

Moisture  at  100°  C, 82.41 

Dry  matter, 17.59 

100.00 
Analysis  of  Dry  Matter, 

Crude  ash, 10.99 

"     fibre, 80.08 

"fat, •     .  2.41 

"      protein, 15.01 

Nitrogen-free  extract  matter, 41.51 

100.00 
Fertilizing  ConstUtients, 
Dry  matter  contains :  — 

Nitrogen, 2.40 

Potassium  oxide, .70 

Phosphoric  acid, .84 

"We  have  used  serradella  for  several  years  as  a  fodder  crop 
for  green  fodder  as  well  as  silage.  It  has  been  raised  in 
drills  three  feet  six  inches  apart,  yielding  nine  and  one-half 
tons  of  green  fodder  per  acre. 
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Spring  vetch  (  Vicia  aativa) .  The  vetch  was  sown  April 
26,  the  seed  coming  up  May  4.  Seed  was  used  at  the  rate 
of  forty-five  pounds  per  acre.  The  vetch  came  into  bloom 
June  23,  when  twenty-eight  inches  high.  The  seed  was 
purchased  of  J.  M.  Thorbum  &  Co.,  New  York,  at  seven 
cents  per  pound.  Analysis  of  the  dried  crop  shows  it  to 
have  the  following  composition :  — 

Per  Cent. 

Moisture  at  lOQo  C, 9.90 

Dry  matter, 91.10 

100.00 
Analysis  of  Dry  Mailer, 

Crude  ash, 8.24 

'•     fibre, 80.27 

"fat, 2.50 

"      proteiu, 15.09 

^Nitrogen-free  extract  matter, 43.80 

100.00 
Fertilizing  Constituents, 

Moisture  at  100°  C, 8.21 

Dry  matter  contains :  — 

Nitrogen,       .    • 2.40 

Phosphoric  acid, .86 

Potassium  oxide, 8.00 

Bokhara  clover  (Meliloius  alha)^  five  rows.  This  crop 
remained  in  the  ground  from  last  year.  It  started  into 
growth  early,  and  on  May  28  about  twelve  feet  from  the 
north  end  of  each  of  the  rows  was  cut  for  feeding,  being 
about  thirty  inches  high.  June  7  another  portion  was  cut 
for  feeding,  being  thirty-six  inches  in  height.  June  18  the 
plants  were  coming  into  bloom  at  forty-five  inches  in  height. 
June  22  the  remaining  portion  was  cut  and  fed  out,  being 
five  feet  in  height.  The  seed  was  bought  of  Henry  Nun- 
gesser.  New  York,  at  twenty  cents  per  pound.  Analysis 
of  the  crop  collected  at  different  dates  gave  the  following 
results :  — 


240  AGRICULTURAL  EXPERIMENT  STATION.  [Jaa. 


Per  Cent. 


May  28. 

June  7. 

Jnne22 

Moisture  at  100°  C, 

87.43 

80.99 

75.86 

Dry  matter, 

12.61 

19.01 

24.14 

Analysis  of  Dry  Matter, 

100.00 

100.00 

100.00 

Crude  ash, 

11.67 

10.21 

7.71 

"      fibre, 

24.43 

29.98 

33.99 

"fat, 

3.61 

2.76 

2.88 

"     protein, 

23.37 

18.62 

17.18 

Nitrogen-free  extract  matter. 

37.02 

88.43 

88.24 

100.00 

100.00 

100.00 

This  crop  furnishes  a  liberal  amount  of  fodder  the  first 
and  second  years.  It  should  be  cut  before  the  plant  reaches 
blooming,  to  preserve  its  succulent  character.  When  ad- 
vanced beyond  that  stage  of  growth  it  becomes  coarse  and 
is  rejected  by  cattle. 

Yellow  lupine  (Lupinus  lutens)^  six  rows.  The  seed  was 
sown  May  9,  coming  up  May  23,  but  not  germinating  very 
well.  July  12  the  plants  were  coming  into  bloom,  being 
about  one  foot  in  height.  The  seed  was  obtained  of  D. 
Landreth  &  Son,  Philadelphia.  Analysis  of  the  plant 
shows  it  to  have  the  following  composition  :  — 

^  Percent 

Moisture  at  100°  C, 86.05 

Dry  matter, 18.95 

100.00 

Analysts  of  Dry  Matter, 

Crude  ash, 11.14 

"     fibre, 27.10 

"fat, 1.87 

"     protein, 17.84 

Nitrogen-free  extract  matter, 42.05 

100.00 
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Fertilizing  OonsHtuenis, 

Diy  matter  contains :  —  Per  cent. 

Nitrogen, 2.66 

Potassium  oxide, 2.96 

Phosphoric  acid, .61 

Blue  lupine  (Lupinics  coeruleus)^  three  rows.  The  seed 
was  sown  May  9,  the  plants  appearing  above  ground  May 
19.  The  plants  came  into  bloom  July  12,  when  about  two 
feet  in  height.  The  seed  was  obtained  of  J.  M.  Thorbum, 
New  York,  at  fifteen  cents  per  pound. 

White  lupine  (Luptnus  albus),  six  rows.  The  seed  was 
sown  May  9,  the  young  plants  appearing  above  ground  May 
19.  The  plants  came  into  bloom  June  28,  July  10  it  was 
noted  as  being  twenty-five  inches  high.  The  seed  was  pur- 
chased of  D.  Landreth  &  Son,  Philadelphia,  at  six  cents  per 
pound.     The  composition  of  the  plant  is  stated  below :  — 

Per  Cent. 

Moisture  at  100°  C, 86.36 

Dry  matter, 14.66 

100.00 

Analysis  of  Dry  MaUer, 

Crude  ash, 6.03 

"     fibre, .  31.18 

"fat *     .  2.41 

•'     protein, 18.71 

Nitrogen-free  extract  matter, 42.67 

100.00 

Fertilizing  Constituents, 

Dry  matter  contains :  — 

Nitrogen, 2.99 

Potassium  oxide, 1.73 

Phosphoric  acid, .36 

The  lupines  have  served  us  well  as  green  manuring  crops. 
They  may  be  seeded  the  beginning  of  May  and  are  ready  to 
be  ploughed  under  the  beginning  of  June,  or  may  be  seeded 
the  latter  part  of  August  and  are  ready  for  ploughing  under 
the  latter  part  of  September. 
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Southern  cow-pea  (Dolichos  sinensis),  five  rows.  The 
seed  was  sown  May  9,  the  young  plants  appearing  above 
ground  May  19.  The  crop  made  a  good  growth,  and  was 
sampled  for  analysis  on  August  28  and  October  2.  The 
seed  was  purchased  of  D.  Landreth  &  Son,  Philadelphia. 
The  analysis  of  the  crop  showed  the  following  composi- 
tion :  — 


August  38 
(Per  Cent.). 


October  9 
(Per  CMt.). 


Moisture  at  100°  C, 
Diy  matter,  . 


Analysts  of  Dry  Matter, 
Grade  ash, 

"      fibre, 

"fat, 

"      protein,      .        .        .        .        . 
Nitrogen-free  extract  matter, 


81.81 
18.19 


80.60 
19.40 


100.00 


11.20 
17.87 
4.63 
17.19 
49.11 


100.00 

9.96 
20.52 

3.81 
16.41 
49.80 


100.00 


100.00 


Two  prDminent  varieties  (Clay  and  Whippoorwill)  have 
been  raised  successfully  for  a  number  of  years,  and  have 
served  us  well  as  fodder  crops  either  green  or  in  the  form 
of  silage.  None  of  these  varieties  mature  seed  in  our  sec- 
tion of  the  country. 

Horse  bean  (  Vicia  fdbd)^  five  rows.  The  seed  was  sown 
May  9,  and  first  appeared  above  ground  May  21.  The 
plants  first  began  to  blossom  June  28.  July  10  the  plants 
had  reached  a  height  of  twenty-one  inches.  Below  is  given 
an  analysis  of  the  crop  with  pods  forming :  — 

Per  Cent 

Moisture  at  100°  C, 84.83 

Dry  matter, 15.17 


100.00 
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Analysis  of  Dry  Matter »  percent 

Crude  ash 5.75 

"      fibre. 28.17 

"      fet. 2.81 

•*      protein, 16.68 

Nitrogen-free  extract  matter, 47.09 

100.00 

Horse  bean  stands  our  climate  extremely  well,  the  medium- 
sized  variety  seeming  to  be  the  best  for  us.  We  have  during 
the  past  year  raised  it  as  a  mixed  crop  with  vetch  and  oats, 
and  are  pleased  with  the  results. 

Earlj'-maturing  soja  bean  (Soja  hispida)^  raised  on  Field 
A.  The  seed  was  planted  May  12,  in  drills  two  and  one-half 
feet  apart,  at  the  rate  of  sixty  pounds  per  acre.  The  young 
plants  began  to  appear  May  21.  July  24  the  plants  on  the 
different  plats  began  to  bloom.  The  yield  of  the  crop  was 
affected  considerably  by  the  dry  weather.  The  crop  was  cut 
August  28,  being  put  into  a  silo  with  com  for  the  production 
of  a  mixed  silage.  Below  is  given  the  analysis  of  the  above 
crop :  — 

Percent 

Moisture  at  100°  C, 65.98 

Dry  matter, 84.02 

100.00 
Analysis  of  Dry  Matter. 

Crude  ash, 9.69 

"     fibre, 17.28 

"fat, 2.96 

"      protein 20.13 

Nitrogen-free  extract  matter, 49.94 

100.00 

Later-maturing  soja  bean  {Soja  hisptda)^  five  rows.  The 
seed  was  sown  May  9,  the  young  plants  first  appearing  above 
ground  May  21.  The  crop  made  a  very  vigorous  growth, 
and  was  sampled  for  analysis  at  two  different  periods.  The 
seed  was  obtained  of  J.  M.  Thorburn  &  Co.,  New  York. 
The  results  of  the  examination  of  the  samples  collected  are 
as  follows :  — 
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AngmtTS 
(Per  Cent). 


October  » 
(Per  CeBL). 


Moistore  at  100°  C, 
Dry  matter,  . 


70.91 
29.09 


68.11 
81.89 


Analysis  of  Dry  MaUer, 
Grade  ash, 

"     fibre, 

"fat, 

•*     protein,      .        .        .        .        . 
Nitrogen-free  extract  matter. 


100.00 


10.84 
21.09 
8.11 
27.49 
87.97 


100.00 


100.00 

8.48 
21.20 

2.84 
28.16 
44.84 


100.00 


Fertilizing  Constituents. 


Dry  matter  contains :  — 
Nitrogen, 
Potassium  oxide,  . 
Phosphoric  acid,    . 


8.70 


*  Not  dotermlned. 

The  above  samples  were  raised  on  Field  A,  in  1892,  in 
drills  two  and  one-half  feet  apart,  using  seventy  pounds  of 
seed  per  acre,  and  securing  on  an  average  nine  to  ten  tons 
per  acre,  which  served  as  mixed  ensilage  with  com.  The 
addition  of  leguminous  plants,  as  clov6r,  soja  beans,  serra- 
della,  et€.,  to  com  for  silage  tends  to  counteract  the  acid 
reaction  of  the  com  silage  and  furnishes  a  most  acx^eptable 
article  for  feeding. 

Silver-hull  buckwheat  (Fagcpyrum  esculentum)  ^  eight 
rows.  The  seed  was  sown  May  9,  the  young  plants  appear- 
ing above  ground  May  16.  It  came  into  bloom  June  18, 
and  was  cut  for  feeding  out  July  14,  when  about  three  feet 
in  height.  The  seed  was  purchased  of  J.  M.  Thorbum.  & 
Co.,  New  York,  at  ten  cents  per  pound.  An  analysis  of  the 
dried  crop,  cut  when  in  bloom,  gave  the  following  results :  — 
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Percent. 

Moisture  at  KXy' C, 8.91 

Dry  matter, 91.09 

100.00 
Analysts  of  Dry  Matter. 

Crude  ash, 10.17 

"     fibre, 27.07 

"fat, 2.65 

*♦      protein, 12.22 

Nitrogen-free  extract  matter, 47.99 

100.00 
Fertilizing  Ingredients, 

Dry  matter  contains :  — 

Nitrogen, 1.95 

Potassium  oxide, 2.61 

Phosphoric  acid, .94 

Japanese  buckwheat  {JFagopyrum  esculentum) ,  seven  rows. 
The  seed  was  sown  May  9,  the  young  plants  appearing  above 
ground  May  16.  The  first  blossoms  appeared  June  18,  and 
the  crop  was  cut  for  green  fodder  July  14.  The  seed  was 
purchased  of  J.  M.  Thorbum  &  Co.,  New  York,  at  ten 
cents  per  pound.  Below  is  given  an  analysis  of  the  air- 
dried  material,  collected  when  in  bloom :  — 

Fer  Cent 

Moisture  at  100^  C. 5.71 

Dry  matter, 94.29 

100.00 
Analysis  of  Dry  Matter, 

Crude  ash, 12.86 

"     fibre, 86.02 

"fat, 2.22 

"     protein, 10.80 

Nitrogen-free  extract  matter, 88.60 

100.00 
Fertilizing  Constituents. 

Dry  matter  contains :  —  ' 

Nitrogen, 1.72 

Potassium  oxide, 8.51 

Phosphoric  acid, •    .        .        .  .90 

Both  the  silver-hull  and  Japanese  varieties  of  buckwheat 
are  on  the  whole  larger  plants  and  more  foliaceous,  and 
consequently  yield  a  larger  amount  per  acre.  The  Japanese 
variety  seems  to  be  the  better  of  the  two. 
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Common  buckwheat  {Fagopymm  esculentum)^  Beven  rows. 
The  seed  was  sown  May  9,  the  young  plants  appearing  above 
ground  May  18.  June  18  the  plants  came  into  bloom.  July 
13  the  crop  was  cut  and  fed  out.  The  seed  was  obtained  of 
D.  Landreth  &  Son,  Philadelphia,  at  five  cents  per  pound. 
Below  is  given  an  analysis  of  the  dried  material :  — 

Per  Cent. 

Moisture  at  100^  C, 8.50 

Dry  matter, 91.50 

100.00 
Analysts  of  Dry  Mailer. 

Crude  ash U.63 

"     fibre, 19.35 

"fat, 3.04 

"      protein, 17.90 

Nitrogen-free  extract  matter, 45.08 

100.00 
Fertilizing  Co7isliluetUs, 
Diy  matter  contains :  — 

Nitrogen, 2.866 

Potassium  oxide, 3.504 

Phosphoric  acid, 547 

Common  buckwheat  yields  somewhat  less  than  the  pre- 
viously mentioned  varieties,  yet  its  nutritive  character, 
under  a  corresponding  system  of  cultivation  and  manuring, 
exceeds  that  of  either  one. 

Hog  millet,  five  rows.  The  seed  was  sown  May  9,  and 
began  to  come  up  May  17.  This  variety  did  not  make  as 
satisfactory  growth  as  the  next.  It  commenced  to  head  out 
July  10,  when  twenty-four  inches  high.  The  seed  was  sent 
on  by  the  Northrup,  Braslon,  Goodwin  Company,  Minne- 
apolis, Minn. 

Golden  wonder  millet,  five  rows.  The  seed  was  sown 
May  9,  and  began  to  come  up  May  17.  The  crop  made  a 
very  good  growth,  and  July  9  began  to  head  out,  when 
twenty-six  inches  high.  The  seed  was  sent  on  by  the 
Northrup,  Braslon,  Goodwin  Company,  Minneapolis,  Mina. 

The  millets  both  yield  a  large  crop,  but,  as  the  seed  was 
somewhat  mixed,  no  weights  have  been  taken. 
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Spanish  peanut  {Arachis  hypogasd)^  two  rows.  The  pea- 
nuts were  planted  May  10,  coming  into  bloom  July  16.  As 
the  amount  of  seed  received  and  used  was  small,  no  data 
are  given  with  regard  to  yield,  etc.  The  peanuts  were  sent 
on  by  the  United  States  Department  of  Agriculture. 

We  have  seeded  down  during  the  early  part  of  September, 
1894,  rye,  winter  vetch  and  rye  and  dwarf  Essex  rape,  to 
secure,  if  possible,  a  supply  of  valuable  green  fodder  during 
the  middle  or  latter  part  of  May.  The  winter  vetch  used  for 
this  purpose  was  especially  imported,  to  test  its  adaptation 
to  our  climate.  Previous  experiments  in  this  direction 
failed,  as  we  suppose,  on  account  of  getting  summer  vetch 
in  place  of  winter  vetch. 
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Field  "D." 

1892. 


•Arrangement  of  Crops  raised. 


Artichoke. 


Prick  ley  Comfrey. 
|3*yrethrum. 
Forest  Pea. 
Stachy's  Tubers. 
Kidney  Vetch. 


Winter  Rape. 

Sainfoin. 

Yellow  Trefoil. 

Spring  Vetch. 

Bokhara  Clover. 

Summer  Rape. 

Horse  Bean. 

Serradella. 

Soja  Bean. 

Cow-pea. 

Jackson  Wonder  Bean. 

Blue  Lupine. 

White  Lupine. 

Yellow  Lupine. 


Silver-hull  Buckwheat 


Japanese  Buckwheat. 


Common  Buckwheat. 


1893. 


W 


Minnesota  Corn. 
White  Lupine. 
Yellow  Lupine. 
Pricicley  Comfrey. 


Pyrethrum. 
Forest  Pea. 
Late  SoJa  Bean. 
Kidney  Vetch. 


Early  White  So]a  Bean. 


Sainfoin. 

Early  Black  SoJa  Bean. 
Cow-pea. 
Serradella. 
Spring  Vetch. 
Bokhara  Clover. 
Horse  Bean. 
Kaffir  Corn. 
Common  Buckwheat. 
Japanese  Buckwheat. 
Silver-hull  Buckwheat. 
Summer  Rape. 


Carrots. 


W 


1894. 


.PrfcKJy  „Cpmf  rey^ 
Alfalfa. 


Kidney  Vetch. 
Lathyrus  sylvestris. 
Crimson  Clover. 
Alsike  Clover. 
Medium  Red  Clover. 
Sainfoin. 
Japanese  Clover. 
Winter  Rape. 
Essex  Rape. 


Serradella. 


Bokhara  Clover. 
Yellow  Lupine. 
Blue  Lupine. 


White  Lupine. 


Southern  Cow-pea. 


Horse  Bean. 


Late  SoJa  Bean. 
Silver-hull  Buckwheat. 


Japanese  Buckwheat. 


Common  Buckwheat. 


Hog  Millet. 


Golden  Wonder  Millet. 
Spanish  Peanut. 


Scale  of  length,  50  feet  to  I  inch. 
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Compilation  of'AncUysea  of  Fodder  Articles 

raised  (1894) 

• 

100  Parts  op  Dbt  Mattxb 

Dbt  MATnB 

i 

CONTAIN  — 

OONTAIMS  — 

Namk  op  Cbop. 

u 

o 
u 
o 

5 

i 

i 

1 

lU 

S 

/     Leauminaui  PlanU. 

Flat  pea  {Lathynu  tylv€9- 
IH9)i 

21.20 

0.86 

28.27 

8.29 

27.26 

81.83 

4.36 

.00 

2.67 

Late-matnrtog  0oja  bean,   . 
Late-maturing  soja  bean,   . 

29.09 

10.84 

21.00 

8.11 

27.40 

37.97 

4.80 

. 

. 

81.89 

8.43 

21.20 

2.84 

23.18 

44.84 

8.70 

. 

• 

Barl7-matarlngBoja  bean, . 
Bokhara  dover,  . 

84.02 

0.60 

17.28 

2.96 

20.13 

49.94 

8.22 

• 

— 

12.67 

11.67 

24.43 

8.61 

23.87 

87.02 

8.78 

. 

. 

Bokhara  clover,  . 

10.01 

10.21 

20.08 

2.76 

18.02 

88.43 

2.97 

_ 

. 

Bokhara  clover  (In  bloom), 

24.14 

7.71 

33.09 

2.88 

17.18 

38.24 

2.90 

. 

. 

Kidney  vetch,      . 

19.15 

13.28 

14.04 

3.51 

18.43 

48.94 

2.94 

.44 

1.75 

White  lupine. 

14.66 

6.03 

81.18 

2.41 

18.71 

42.67 

2.99 

.85 

1.78 

Yellow  lupine,     . 

13.05 

11.14 

27.10 

1.87 

17.84 

42.05 

2.66 

.61 

2.96 

Bonthern  cowpea,      . 

18.19 

11.20 

17.87 

4.68 

17.10 

40.11 

2.76 

.68 

1.04 

Aieike  clover,      . 

90.07 

11.00 

26.17 

2.68 

16.68 

42.72 

2.48 

.74 

2.47 

Medium  red  clover,    .       . 

88.69 

0.84 

27.61 

2.18 

15.76 

44.77 

2.37 

.48 

2.48 

SaiDfoln 

23.78 

0.66 

22.40 

2.78 

18.11 

47.06 

2.99 

.86 

2.29 

iOJC":   :   :    : 

01.10 

8.24 

80.27 

2.60 

16.09 

48.80 

2.40 

.86 

3.00 

17.69 

10.99 

80.08 

2.41 

15.01 

41.61 

2.40 

.84 

.70 

Alfalfa,        .... 

01.40 

8.11 

29.72 

1.65 

14.22 

46.20 

2.21 

.66 

1.55 

//.    MUcellantoM  Orop; 

Common  buckwheat,  . 

01.60 

14.63 

19.35 

8.04 

17.90 

45.08 

2.87 

.65 

3.60 

Bllver-hull  buckwheat,       . 

01.09 

10.17 

27.07 

2.66 

12.22 

47.99 

1.95 

.94 

2.61 

Japaneee  bnokwheat, . 
Prieklv  comfrey, 
Dwarf  Bseez  rape,     . 

94.29 

12.86 

86.02 

2.22 

10.80 

88.00 

1.7a 

.90 

3.61 

18.38 

21.12 

11.03 

2.06 

17.49 

48.00 

2.80 

.87 

6.76 

5.43 

16.11 

18.06 

3.80 

12.86 

42.27 

2.05 

.. 

— 

Winter  rape. 

18.66 

22.44 

12.26 

3.06 

15.16 

47.68 

2.42 

~ 

~ 

1 
1 

Dry  Matter  contains  — 

Name  op  Cbop. 

< 

1 

1 

1 

///.    Mixed  Orops  {DHed). 
Vetch  and  oats.  Field  G,  1894,   .... 
Vetch  and  oau,  Field  B.  Plat  15, 1894,     .       . 
Vetch  and  oate.  Field  B.  Plat  16, 1894,      .        . 
Vetch  and  barley.  Field  B.  Plat  18, 1894, .  .     . 
Vetch  and  barley.  Field  B,  Plat  14, 1894, . 
Vetch,  oate  and  horae  bean,  Field  B,  Plat  11, 
1894 

91.06 
90.64 
90.66 
91.61 
90.76 

89.81 

4.48 
9.69 
8.69 
4.64 
7.80 

10.86 

27.78 
29.83 
31.28 
82.26 
82.58 

80.07 

2.62 
8.13 
2.68 
2.12 
2.56 

2.70 

22.56 
18.88 
16.16 
14.44 
18.86 

18.98 

42.66 
88.67 
42.24 
46.55 
43.70 

77.94 

The  raising  of  fodders  richer  in  nitrogenous  constituents 
than  our  meadow  growth  (upland  meadow  hay)  and  pasture 
growth  enables  us  to  reduce  the  expenses  for  commercial  con- 
centrated feed  stuffs  to  produce  the  desired  well-balanced 
nutritive  fodder  rations  for  our  ferm  live  stock. 
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How  can  Forage  Crops  assist  in  improving  the  Productive- 
ness of  our  Farm  Lands  f 

The  consideration  of  this  important  question  claims  the 
serious  attention  of  every  thinking  and  progressive  farmer, 
for  nobody  questions  the  correctness  of  the  view  that  a  suc- 
cessful termination  of  his  work  depends  in  a  controlling 
degree  on  a  correct  appreciation  of  the  extent  and  character 
of  his  resources  of  plant  food  and  on  a  liberal  and  intelligent 
use  of  the  latter. 

An  insufficient  supply  of  suitable  manurial  matter,  required 
for  the  successful  and  liberal  production  of  the  crops  to  be 
raised,  is  at  present  universally  recognized  as  being  the  most 
fatal  circumstance  in  any  system  of  farming  for  profit. 
Adopting  this  conclusion  as  the  correct  verdict  of  past  and 
present  experience  in  agricultural  industries,  it  becomes  most 
desirable,  in  the  interest  of  satisfactory  pecuniary  returns, 
that  every  available  manurial  resource  of  the  farm  should  be 
turned  to  account  to  its  foil  extent.  To  secure  this  end  we 
are  advised  to  begin  the  work  with  a  timely  thorough  mechanic 
cal  preparation  of  the  soil  undei*  cultivation;  to  select  the 
crops  to  be  raised  j  as  far  as  practicable^  with  reference  to  their 
tendency  of  economizing  existing  natural  resources  of  plant 
food;  to  increase  the  latter  to  the  full  extent  of  suitable  home- 
made manure  on  handy  and  to  supplement  the  latter  liberally  by 
buying  commercial  concentrated  fodder  articles  and  commercial 
fertilizer^  as  far  as  circumstances  advise. 

To  again  discuss  *  briefly  one  of  the  means  of  developing 
and  economizing  manurial  sources  of  the  farm  is  the  object 
of  this  chapter. 

On  ProduMion  and  Selection  of  Fodder  Crops. 

A  carefal  inquiry  into  the  history  of  agriculture,  down  to 
the  middle  of  the  present  century,  has  shown  that  the  original 
productiveness  of  farm  lands  in  all  civilized  countries,  even 
in  the  most  favored  localities,  has  suffered  in  the  course  of 
time  a  gradual  decline.  This  general  decline  in  the  fertility 
of  the  soil  under  cultivation  has  been  ascribed,  with  much 

*  See  annual  repQrt9  for  1389  (page  189)  and  1890  (page  135) ;  al90  Bulletin  No.  36, 
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propriety  in  the  majority  of  instances,  mainly  to  two  causes, 
namely :  a  gradual  but  serious  reduction  in  the  area  occupied 
by  forage  crops,  natural  pastures  and  meadows;  and  a 
marked  decline  in  the  annual  yield  of  fodder  upon  large 
tracts  of  land  but  ill  suited  for  a  permanent  cultivation  of 
grasses,  — the  main  reliance  of  fodder  production  at  the  time. 
A  serious  falling  off  in  the  annual  yield  of  pastures  and 
meadows  was  followed  usually  by  a  reduction  in  farm  live 
stock,  which  in  turn  caused  a  falling  off  in  the  principal 
home  resource  of  manurial  matter.  This  chapter  in  the 
history  of  farm  management  has  repeated  itself  in  most 
countries.  The  unsatisfactory  results  of  that  system  of  farm- 
ing find  still  an  abundant  illustration  in  the  present  exhausted 
condition  of  a  comparatively  large  area  of  farm  lands  in  New 
England. 

Scientific  investigations  carried  on  during  the  past  fifty 
years  for  the  particular  benefit  of  agriculture  have  not  only 
been  instrumental  in  recognizing  the  principal  causes  of  an 
almost  universal  periodical  decline  of  the  original  fertility 
of  farm  lands,  but  have  also  materially  assisted  by  field 
experiments  and  otherwise  in  introducing  efficient  remedies 
to  arrest  the  noted  decline  in  the  annual  yield  of  our  most 
prominent  farm  crops.  As  a  scanty  supply  of  manurial 
matter,  due  to  a  serious  falling  off  of  one  of  the  principal 
fodder  crops  (pastures  and  meadow  growth),  was  found  to  be 
one  of  the  chief  causes  of  less  remunerative  crops,  and  thus 
indirectly  has  proved  to  be  the  main  cause  of  an  increase  in 
the  cost  of  the  products  of  the  animal  industry  of  the  farm, 
— milk  and  meat, — it  is  but  natural  that  the  remedies 
devised  should  include,  as  one  of  the  foremost  recommenda- 
tions, a  more  liberal  production  of  nutritious  fodder  crops. 
The  soundness  of  this  advice  is  to-day  fully  demonstrated  in 
the  most  successful  agricultural  regions  of  the  world.  An 
intensive  system  of  cultivation  has  replaced  in  those  locali- 
ties the  extensive  one  of  preceding  periods ;  although  the 
area  under  cultivation  for  the  production  of  general  farm 
crops  has  been  reduced,  the  total  value  of  the  products  of 
the  farm  has  increased  materially  in  consequence  of  a  more 
liberal  cultivation  of  reputed  fodder  crops.  The  change  has 
been  gradual  and  the  results  are  highly  satisfactory. 
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Viewing  our  own  present  condition,  we  notice  that  well- 
paying  grass  land,  good  natural  meadow,  with  rich  and 
extensive  pastures,  are  rather  an  exception  than  the  rule. 
The  benefits  derived  from  indifferently  yielding  natural 
pastures  are  more  apparent  than  real;  the  low  cost  of  the 
production  of  the  fodder  is  frequently,  in  a  large  degree,  set 
off  by  a  mere  chance  distribution  of  the  manure  produced. 
A  continued  cultivation  of  one  and  the  same  crop  upon  the 
same  land,  without  a  liberal,  rational  system  of  manuring, 
has  caused  in  many  instances  a  one-sided  exhaustion  of  the 
land  under  cultivation.  This  circumstance  has  frequently 
been  brought  about  in  a  marked  degree  by  a  close  rotation 
of  mixed  grasses  (meadow  growth)  and  of  our  next  main 
reliance  for  fodder, — the  corn  (maize).  Both  crops  require 
potash  and  phosphoric  acid  in  similar  proportion  (four  parts 
potassium  oxide  to  one  pai*t  phosphoric  acid),  and  both 
require  an  exceptional  amount  of  the  former.  There  is 
good  reason  to  assume  that  the  low  state  of  productiveness 
of  many  of  our  farms,  so  often  complained  of,  is  largely  due 
to  the  fact  that  crops  have  been  raised  in  succession  for 
years,  which,  like  those  mentioned,  have  consumed  one  or 
the  other  essential  article  of  plant  food  in  an  exceptionally 
large  proportion,  and  thereby  have  gradually  unfitted  the 
soil  for  their  remunerative  production,  while  a  liberal  sup- 
ply of  other  important  articles  of  plant  food  is  left  inactive 
behind.  As  the  amoubt  of  available  plant  food  contained  in 
the  soil  represents  largely  the  working  capital  of  the  farmer, 
it  cannot  be  otherwise  but  that  the  practice  of  allowing  a 
part  of  it  to  lay  idle  must  reduce  the  interest  on  the  invest- 
ment. 

Our  personal  observation  upon  the  lands  assigned  for  the 
use  of  the  station  has  furnished  abundant  illustration  of  the 
above-described  condition  of  farm  lands.  In  one  instance  it 
was  noticed  that  a  piece  of  old  worn-out  grass  land,  after 
being  turned  under  and  properly  prepared,  as  far  as  the 
mechanical  condition  of  the  soil  was  concerned,  produced, 
without  any  previous  application  of  manure,  an  exception- 
ally large  crop  of  horse  beans  and  lupine, — two  reputed 
fodder  crops.     A  similar  observation  was  made  during  the 
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past  season,  when  lands  which  for  years  had  been  used  for 
the  production  of  English  hay  and  com  were  used  for  the 
cultivation  6f  southern  cow-pea,  serradclla  and  a  mixed  crop 
of  oats  and  vetch,  to  serve  as  green  fodder  for  milch  coW&. 

The  field  engaged  for  the  production  of  these  crops  was 
not  manured,  because  it  was  to  be  prepared  for  a  special  field 
experiment  during  the  present  season.  An  area  of  this  land, 
which,  under  favorable  circumstances,  would  not  produce 
more  than  six  tons  of  gi*een  grass  at  the  time  of  blooming, 
yielded  nine  to  ten  tons  of  green  vetch  and  oats,  ten  tons  of 
green  southern  cow-pea  and  from  twelve  to  thirteen  tons  of 
green  serradella.  The  exceptional  exhaustion  of  our  lands  in 
potash  has  been  shown  by  detailed  description  of  experiments 
with  fodder  com  in  previous  annual  reports.  (Field  A, 
annual  reports  IV.,  V.  and  VI.,  1886-88.) 

The  results  obtained  during  past  years  tend  to  confirm  the 
opinion  held  by  successful  agriculturists,  that  dry  grass  lands 
which  are  in  an  exceptional  degree  inclined  to  a  spontaneous 
overgi'owing  by  an  inferior  class  of  fodder  plants  and  weeds, 
if  at  all  fit  for  a  more  thorough  system  of  cultivation,  ought 
to  be  turned  by  the  plough  and  subsequently  planted  with 
some  hoed  crop,  to  kill  off  the  foul  growth  and  to  improve 
the  physical  and  chemical  condition  of  the  soil.  These  lands 
prove  in  many  instances  ultimately  a  far  better  investment 
when  used  for  the  raising  of  other  farm  crops  than  grasses. 
The  less  the  variety  of  crops  raised  in  succession  upon  the 
same  lands,  the  more  one-sided  is  usually  the  exhaustion  of 
the  soil,  and  the  sooner,  as  a  rule,  will  be  noticed  a  decrease 
in  the  annual  yield.  The  introduction  of  a  greater  variety 
of  fodder  plants  enables  us  to  meet  better  the  differences  in 
local  conditions  of  climate  and  of  soil,  as  well  as  the  special 
wants  of  different  branches  of  farm  industry.  In  choosing 
plants  for  that  purpose  it  seems  advisable  to  select  crops 
which  would  advantageously  supplement  our  leading  fodder 
crop  (aside  from  the  products  of  pastures  and  meadows), — 
the  fodder  corn  and  com  stover. 

Taking  this  view  of  the  question,  the  great  and  valuable 
family  of  leguminous  plants,  as  clovers,  vetches,  lucerne, 
serradella,  peas,  beans,  lupines,   etc.,  is,  in  a  particular 
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degree,  well  qualified  for  that  purpose  on  account  of  its  fitness 
to  secure  largely  its  nitrogen  from  the  elementary  nitrogen 
of  the  air  by  the  aid  of  bacterial  action.  The  photographs 
of  the  roots  of  several  prominent  leguminous  forage  plants, 
which  accompany  this  chapter,  show  the  swellings  (tuber- 
cules)  due  to  the  bacterial  action,  —  summer  vetch,  blue 
lupine,  horse  bean,  serradella. 

The  following  table  may  serve  as  an  illustration  of  the 
relative  economical  value  of  various  prominent  fodder  and 
forage  ci*op8. 

The  manurial  value  of  the  various  crops  mentioned  depends 
for  obvious  reasons  on  the  temporary  current  prices  of  their 
fertilizing  constituents  in  the  general  market  of  commercial 
fertilizers. 


O.t.Q, 


J 


No.  1.     Summer  Vetch  (FiVi^  sativa). 


No.  2.     SojA  Bean  {Soja  hispida). 


C.I.CJ. 


No.  8.     Blue  Lupine  {Lupinus  car  ulcus). 


r 


cy.aJ 


No.  4.    Horse  Bean  {Vicia  Faba). 
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Trial  of  an  Early  Variety  op  Min- 
nesota Dent  Corn  (Huron). 

Fidd  E. 

The  field  is  260  feet  long  and  48  feet 
wide,  containing  ^86  acres.  The  field  was 
ploughed  April  24 ;  it  was  fertilized  May  7, 
at  the  rate  of  600  pounds  of  fine-ground 
bone  and  300  pounds  of  muriate  of  potash 
per  acre,  applied  broadcast  and  harrowed 
in.  May  8  the  corn  (variety  Huron)  was 
planted,  six  quarts  of  seed  being  used  for 
the  plat.  The  com  appeared  above  ground 
May  19.  The  field  was  cultivated  and  hoed 
June  7  and  26.  September  1  part  of  the 
corn  was  cut  and  stocked,  while  the  re- 
mainder was  fed  out.  Owing  to  the  dry 
season,  this  trial  with  the  com  was  not  a 
fair  one,  as  the  development  of  the  crop 
was  greatly  retarded. 
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6.  Field  Experiments  with  Different  Commercial 
Phosphates  to  study  the  Economy  op  using 
the  Cheaper  Natural  Phosphates  or  the  More 
Costly  Acidulated  Phosphates. 

Fidd  F. 

The  field  selected  for  this  purpose  is  300  feet  long  and 
137  feet  wide,  running  on  a  level  from  east  to  west.  Pre- 
vious to  1887  it  was  used  as  a  meadow,  which  was  well 
worn  out  at  that  time,  yielding  but  a  scanty  crop  of  Eng- 
lish hay.  During  the  autumn  of  1887  the  sod  was  turned 
under  and  left  in  that  state  over  winter.  It  was  decided  to 
prepare  the  field  for  special  experiments  with  phosphoric 
acid  by  a  systematic  exhaustion  of  its  inherent  resources  of 
plant  food.  For  this  reason  no  manurial  matter  of  any  .de- 
scription was  applied  during  the  years  1887,  1888  and  1889* 

The  soil,  a  fair  sandy  loam,  was  carefully  prepared  every 
year  by  ploughing  during  the  fall  and  in  the  spring,  to 
improve  its  mechanical  condition  to  the  full  extent  of  exist- 
ing circumstances.  During  the  same  period  a  crop  was 
raised  every  year.  These  crops  were  selected,  as  far  aa 
practicable,  with  a  view  to  exhaust  the  supply  of  phosphoric 
acid  in  particular.  Corn,  Hungarian  grass  and  leguminous 
crops  (cow-pea,  vetch  and  serradella)  followed  each  other 
in  the  order  stated. 

1890. — The  field  was  subdivided  into  five  plats,  running 
from  east  to  west,  each  twenty-one  feet  wide,  with  a  space 
of  eight  feet  between  adjoining  plats. 

The  manurial  material  applied  to  each  of  these  five  plats 
contained,  in  every  instance,  the  same  form  and  the  same 
quantity  of  potassium  oxide  and  of  nitrogen,  while  the 
phosphoric  acid  was  furnished  in  each  case  in  the  form  of 
a  different  commercial  phosphoric-acid-containing  article, 
namely,  phosphatic  slag,  Mona  guano,  Florida  phosphate, 
South  Carolina  phosphate  (floats)  and  dissolved  bone-black. 
The  market  cost  of  each  of  these  articles  controlled  the 
quantity  applied,  for  each  plat  received  the  same  money 
value  in  its  particular  kind  of  phosphate. 
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Cost  per  Ton, 

Phosphatic  slag, $15  00 

Mona  guano  (West  Indies), 15  00 

Florida  rock  phosphate, 15  00 

South  Carolina  phosphate  (floats), 15  00 

Dissolved  bone-black, 25  00 

AncUyaea  of  PkosphcUes  used. 

[I.,  phoephatic  slag;  II.,  Mona  guano ;  III.,  FlQrida  phosphate ;  IV.,  South  Carolina 
phosphate ;  V.,  dissolved  bone-black.] 


Pkb  Cicxt. 

I. 

11. 

iir. 

IV. 

^• 

Moisture, 

0.47 

12.52 

2.53 

0.39 

15.96 

Ash, 

« 

75.99 

89.52 

_ 

61.46 

Calcium  oxide, 

46.47 

37.49 

17.89 

46.76 

Magnesium  oxide,   . 

5.05 

. 

. 

Ferric  and  aluminic  oxides,     . 

14.35 

. 

14.25 

5.78 

«. 

Total  phosphoric  acid,    . 
Soluble  phosphoric  acid, . 
Reverted  phosphoric  acid. 

19,04 

21.88 

21.72 

27.57 

15.82 

_. 

— 

_ 

12.65 

. 

7.55 

. 

4.27 

2.52 

Insoluble  phosphoric  acid. 

» 

14.33 

. 

23.30 

0.65 

Insoluble  matter,     . 

4.39 

2.45 

30.50 

9.04 

6.26 

The  following  fertilizer  mixtures  have  been  applied  annuallv 
to  all  the  plats,  with  the  exception  of  Plat  3,  which  received 
in  1890  ground  apatite  and  in  1891  no  phosphate  whatever :  — 


Annual  Supply  of  Manorial  Substancea. 


Pounds. 


Plat  1  (south,  6,494  square  feet),<^ 
Plat  2  (6,566  square  feet). 
Plat  3  (6,636  square  feet). 
Plat  4  (6,707  square  feet). 
Plat  5  (6,778  square  feet). 


Ground  phosnhatic  slag. 
Nitrate  of  soda,     . 
Potash-magnesia  sulphate. 
Ground  Mona  guano,    . 
Nitrate  of  soda,     . 
Potash-magnesia  sulphate. 
Ground  Florida  phosphate. 
Nitrate  of  soda,     . 
Potash-magnesia  sulphate. 
South  Carolina  phosphate. 
Nitrate  of  soda,     . 
Potash-magnesia  sulphate, 
Dissolved  bone-black,  . 
Nitrate  of  soda,     . 
Potash-magnesia  sulphate. 


127 

43 

58 
128 

43J 

59 
129 

44 

59 
181 

441 

60 

78 

45 

61 
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The  phosphatic  slag,  Mona  guanoy  South  Carolina  phos- 
phate and  Florida  phosphate  were  applied  at  the  rate  of  850 
pounds  per  acre;  dissolved  bone-black  at  the  rate  of  600 
pounds  per  acre.  Nitrate  of  soda  was  applied  at  the  rate  of 
250  pounds  per  acre  and  potash-magnesia  sulphate  at  the 
rate  of  390  pounds  per  acre. 

Potatoes  were  raised  upon  the  plats  in  1890 ;  in  1891  win- 
ter wheat  was  employed  (for  details  see  ninth  annual  report)  ; 
in  1892  serradella  was  the  crop  experimented  with  (see  tenth 
annual  report)  ;  and  in  1893  a  variety  of  Dent  corn,  Pride 
of  the  NoiHi  (see  eleventh  annual  report). 

1894.  —  During  the  preceding  season  it  was  decided  to 
ascertain  the  after-efiect  of  the  phosphoric  acid  applied 
during  previous  years  by  excluding  it  from  the  fertilizer 
applied.  In  addition,  to  secure  the  full  effect  of  the  phos- 
phoric acid  stored  up,  the  potassium  oxide  and  nitrogen 
were  increased  one-half,  as  compared  with  preceding  seasons. 
A  grain  crop  (barley)  calling  for  a  liberal  amount  of  phos- 
phoric acid  was  chosen  for  the  trial.  The  field  was  ploughed 
April  17,  the  fertilizer  being  applied  broadcast  April  2''^*, 
and  harrowed  in.  Below  is  given  a  statement  of  fertilizer 
applied :  — 

Plat  1  ^fi  ifi4  MinAni  f«Pt^  .  i   •*&  poand«  of  nitrate  of  soda. 

Flat  1(6,494  square  reet).     .        .       .       ,       .   |   3,   pound,  of  polaah-magneaU  aulphate. 

Pl»t  2  r«  566  Mnara  feet^  \    ^^  PO«nd»  of  nitrate  of  aoda. 

Flat2(5.6»aqaarereet) j    8^   pounda  of  polaah-magueala  sulphate. 

put  ^  (t<  naa  mnntLr»  f  aai^  ^    ^  pouuds  of  nitrate  of  soda. 

Plats  (6,636  square  feet), ^    ^  pounds  of  poiash-magneala sulphate. 

Plat4(6.T07squarefeet) j    S*  ^uSd: SJ  jJJS^rnLrata sulphate. 

FUt5(e,778.quarefeet).     .       .        .       .       •   1   £1  ?2SS2: ^J  jL\'2S.Sf4S^^^^^^ 

May  2  the  barley  was  sown  in  drills  two  feet  apart,  at  the 
rate  of  two  bushels  per  acre.  May  8  the  barley  was  coming 
up  on  the  plat.  The  field  was  kept  free  from  weeds  by  cul- 
tivation. 

Height  of  Plants. 
[Inches.] 


Platl.        Plat  2.       Plats.        Plat  4. 


Plats. 


JunelSy 
Junel8» 
June20» 


14 
18 
98 


13 
15 
26 


10 
12 
21 


14 
16 
24 


14 
16 
27 
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June  26  the  plants  on  plats  1,  2,  4  and  5  were  beginning 
to  show  heads ;  No.  3  was  somewhat  behind  the  others. 
July  30  the  barley  was  cut.  The  yield  of  barley  from  the 
diflferent  plats  is  given  below :  — 

Tidd  of  Crop  (1894). 


PLA,n. 

GrnlD  and 

Btraw 
(Poundi). 

Grain 
(Pounda). 

Straw  and 

Chaff 
(Pounds). 

Peroentage 
of  Grain. 

of  Straw. 

Platl 

Plat  2 

Plats 

Plat  4 

Plat5 

490 
405 
290 
400 
390 

109 
14S 
78 
144 

118 

221 
251 
212 
210 
272 

84.49 
84.07 
20.80 
31.80 
80.28 

05.51 
05.98 
73.11 
68.70 
09.74 

Summary  of  Yield  of  Crop  (1890-94). 


Plats. 

1S90. 

1891. 

!••». 

1898. 

18M. 

Wheat. 

Serradella. 

Corn. 

Barley. 

Platl 

1,600 

880 

4,070 

1,660 

400 

PlHt2 

1.415 

840 

8,410 

1,881 

406 

Plats, 

1,500 

215 

2,760 

1,847 

290 

Plat  4, 

1,830 

880 

8.110 

1,460 

460 

put  5, 

2.120 

405 

2,920 

1,822 

890 

Phosphoric  Add  applied  to  and  removed  from  Field. 
[Pounds.] 


1890. 

1801. 

1      1899.     1 

1898. 

1894. 

,1 

1. 

11 

1^ 

^ 

0^ 

Plats. 

•6 

1 

i 

1 

1 

i 

1 

i 

1 

ill 

<<| 

5 

& 

? 

i 

5 

1 

•S 

§ 

^ 

§ 

1^ 

< 

< 

CH 

< 

'< 

tf 

< 

&    1  h 

H 

^ 

Plat  1,     . 

24.18 

2.66 

24.18 

1.23' 

24.18 

8.95 

24.18 

7.20 

_• 

1.92!  96.72 

21.86 

T5.86 

Plut  2,     . 

28.01 

2.36 

28.01 

1.19 

28.01 

7.50 

28.01 

6.33 

.* 

1.64 

72.04 

19.0S 

69.02 

Plai  3,     . 

109.68 

2.40 

-* 

.69, 

28.01 

6.05 

28.01 

6.95 

.« 

.76 

165.70,15.85 

149.85 

Plat  4,     . 

86.12 

2.93 

86.12 

1.31 

36.12 

6.84 

86.12 

6.68 

_* 

1.72 

144.48 

19.84 

124.64 

Plat  6.     . 

12.34 

3.39 

12.34 

1.22' 

1 

12.34 

6.42 

12.84 

6.05 

1 

-• 

i.« 

49.36 

18.67 

80.79 

•  None. 


Condtcsiojis. 
From  the  previous  statement  of  comparative  yield  we  find 
that  the  plat  receiving  dissolved  bone-black  leads  in  yield 
during  the  first  two  years,  while  for  the  third,  fourth  and 
fifth  years  the  plats  receiving  insoluble  phosphates  are  ahead, 
phosphatic  slag  being  first,  South  Carolina  floats  second  and 
Mona  guano  third. 
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Experiments  with  Forage  Crops  (Vetch  and  Oats 
roR  First  Crop,  Hungarian  Grass  for  Second). 


0) 
OD 


O 


Field  G. 

The  field  is  700  feet  long  and  75  feet 
wide,  and  contains  52,500  square  feet, 
or  1^  acres.  The  field  was  ploughed 
Oct.  25,  1893.  April  17  the  arti- 
chokes were  removed  from  the  southern 
end  of  the  field  (see  preceding  annual 
report).  It  was  fertilized  with  barn- 
yard manure,  applied  at  the  rate  of  ten 
tons  per  acre.  The  field  was  again 
ploughed  April  18.  Vetch  and  oats 
was  the  crop  selected  for  trial,  being 
sown  at  the  rate  of  forty-five  pounds 
of  vetch  and  four  bushels  of  oats  per 
acre.  The  field  was  seeded  in  two 
portions.  The  seed  was  sown  on  the 
northern  portion  April  20,  coming  up 
April  28.  The  southern  portion  of  the 
field  was  seeded  May  11,  the  plants 
appearing  above  ground  May  19.  The 
crop  made  a  very  satisfactory  growth, 
and  on  June  23  the  feeding  of  the 
green  material  from  the  northern  por- 
tion began  (the  vetch  being  in  bloom 
and  the  oats  heading  out),  continuing 
until  July  2,  when  that  remaining  was 
cut  for  hay.  July  6  the  cutting  from 
the  southern  portion  began,  continuing 
until  the  18th,  when  that  remaining 
was  cut  for  hay.  Following  is  given  a 
statement  of  the  yield  from  the  field  : — 

ronndfl. 

Green  material  fed  (19. 12  per  cent,  dry 
matter), 6,875 

Hay  of  vetch  and  oats  (73. 6o  per  cent, 
dry  matter), 1,980 


at  the  rate  of  5,000-6,000  pounds  of  hay  per  acre. 
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Analysis  of  the  material  collected  July  2  showed  the  fol- 
lowing composition :  — 

Per  Cent 

Moisture  at  100°  C  , 80.88 

Dry  matter, 19.12 

100.00 
Analysis  of  Dry  Matter, 

Crude  ash, 4.48 

"      fibre, 27.78 

"fat, 2.62 

"      protein, 22.66 

Nitrogen-free  extract  matter, 42.56 

100.00 

July  21  the  field  was  again  ploughed  and  harrowed,  and 
on  the  23d  was  sown  to  Hungarian  grass,  which  began  to 
appear  above  ground  July  28.  Its  growth  was  very  materi- 
ally affected  by  the  dry  weather.  The  crop  was  cut  for 
feeding  from  September  25  to  October  16,  the  total  weight 
obtained  being  4,456  pounds,  having  an  average  of  60  per 
cent,  of  dry  matter. 

Conclusions. 

From  the  above  figures  it  will  be  seen  that  the  practice  of 
introducing  early-maturing  mixed  crops  like  vetch  and  oats 
in  connection  with  valuable  second  crops  like  Hungarian, 
etc.,  deserves  serious  attention,  on  account  of  their  superior 
fitness  for  dairy  stock. 
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8.  Field  Experiments  to  study  the  Effect  of  Phos- 
PHATic  Slag  and  Nitrate  of  Soda  as  compared 
WITH  Ground  Bone  on  the  Yield  op  Oats  and 
Corn. 

East  Fidd. 
The  field  used  for  this  experiment  is  situated  south  of  the 
orchard  and  of  the  centre  roadway.  The  soil  consists  of  a 
loam,  and  has  been  under  careful  cultivation  for  several 
years.  Its  management  during  previous  years  can  be  seen 
from  preceding  annual  reports. 

1894. — During  that  season  the  operations  on  the  field 
were  as  follows.  (See  accompanying  diagram.)  One  acre 
on  the  upper  (eastern)  side  was  fertilized  with :  — 

p        J  <  600  pounds  of  fine-ground  bone  and 
'  (  200  pounds  of  muriate  of  potash. 

The  remaining  portion  (1.8  acres)  was  fertilized  at  the 
rate  of: — 

/'800  pounds  of  odorless  phosphate, 
Plat  n.  <  200  pounds  of  muriate  of  potash,  and 
C2OO  pounds  of  nitrate  of  soda  per  acre. 

This  corresponds  per  acre  to :  — 


No.  3 
(Phosphate). 


Potassium  oxide, 
Phosphoric  acid. 
Nitrogen, 


104 

166 

81 


Composition  of  Fertilizer  Applied, 

Per  Ckxt. 

Nitrogen. 

Phosphoric 
Acid. 

PoUssinm 
Oxide. 

Ground  bone, 

Odorless  phosphate,  .... 
Muriate  of  potash,      .... 
Nitrate  of  soda, 

4.09 

16.79 

21.86 
20.84 

62.20 
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Cost  of  Fertilizers, 


Groond  bone  and  muriate  of  potash, 

Odorless  phosphate,  nitrate  of  soda  and  muriate  of  potash, 


Per  Acre. 

112  40 

16  70 


April  6  the  odorless  phosphate  was  applied  to  the  lower 
portion  of  the  field.  The  field  was  ploughed  April  20-23. 
April  27  the  remainder  of  the  fertilizer  was  applied,  and  oats 
were  sown  on  one  acre  set  off  at  the  north  end  of  the  field. 
May  5  the  oats  began  to  come  up. 

Height  of  Oats. 

[Inches.] 

June    5« 10 

June  18, 19 

June  26, 24 

The  oats  began  to  head  out  June  25,  and  on  July  25  they 
were  cut,  yielding  as  follows  :  — 


Upper  Part  (Bone  and  Muriate)^  .35  Acre. 


Per  Plat. 

Per  Acre. 

Total  weight  when  threshed  (pounds), 

Grain  (pounds), 

760 
186 

2,171 
631 

Lower  Part  {Odorless  Phosphate^  etc.)^  .65  Acre. 

Per  Plat. 

Per  Acre. 

Total  weight  when  threshed  (pounds), 

Grain  (pounds),  .        .                

2,120 
670 

8,261 

876 

The  remaining  portion  of  the  field  was  planted  to  com 
(Pride  of  the  North)  on  May  15 ;  May  26  the  corn  was 
coming  up.     The  field  was  cultivated  and  hoed  June  8  and 
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21  and  July  2  and  11.     August  29  the  com  was  cut  for 
silage,  yielding  as  follows :  — 

The  upper  part  (bone  and  muriate) ,  .7  acre,  yielded  11,406 
pounds,  or  16,294  pounds  per  acre ;  the  lower  part  (odorless 
phosphate,  etc.),  1.2  acres,  yielded  24,730  pounds,  or  20,608 
pounds  per  acre. 


Summary  of  Yield  {1894). 
[Pounds.] 


Pkr  Acub. 


Plat  1 
(Bone,  etc.). 


FUt3 

(Odorleu 
Phosphate,  etc). 


Oats  (grain), 
Oats  (straw), 
Com, 


I  531 

j         1.640 
I       16,294 


876 

2,385 

20,608 
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9.        EXPEEIMENTS     WITH     PERMANENT     GrASS     LaNDS 

(Meadows). 

The  meadows  under  consideration  comprise  an  area  of 
about  9.6  acres.  The  entire  field  up  to  1886  consisted  of  old, 
worn-out  grass  lands,  overrun  with  a  worthless  growth  on  its 
more  elevated  portion  and  covered  with  weeds  and  sedges  in 
its  lower  portion.  The  improvement  of  the  land  by  under- 
draining  was  commenced  in  1886  and  continued  during  the 
succeeding  years.  For  detaib  of  the  work  see  ninth  and 
tenth  annual  reports  (1891-92). 

In  the  spring  of  1893  a  change  was  made  in  the  mode  of 
manuring  of  the  grass  plats.  It  was  decided  to  study  the 
effect  of  a  rotation  of  the  three  kinds  of  manures  j)reviously 
applied  upon  the  fields.  The  area  was  divided  into  three 
plats,  Plat  1  (3.97  acres)  being  the  area  heretofore  covered 
by  plats  1  and  2 ;  Plat  2  (2.59  acres)  and  Plat  3  (3  acres) 
correspond  to  plats  3  and  4  of  previous  years.  The  system 
of  manuring  adopted  was  as  follows :  — 

Plat  1.  — Wood  ashes,  1  ton  to  the  acre. 
PlcU  2.  — Barn-yard  manure,  8  tons  per  acre. 
Plat  3.  —  Six  hundred  pounds  fine-ground  bone  and  200 
pounds  muriate  of  potash  per  acre. 

1894.  —  The  above  arrangement  of  plats  was  continued 
during  the  present  season,  and  the  fertilizers  were  applied  in 
the  same  proportion  to  the  same  plats. 


Yield 

of  Hay  {1894) 

• 

Per  Plat. 

Pbr  Acbb. 

put  1. 

Plat  2. 

Plat  3. 

Platl. 

Plat  2. 

puts. 

First  cut,       .... 
Second  cat,  .... 

0.04 
1.41 

7.41 
1.38 

7.62 
.58 

2.60 
.37 

2.86 
.51 

2.64 

.19 

Total  yjeld,   .       .       . 

11.86 

8.74 

8.18    1 

2.87 

8.37 

2.72 
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Tidd  of  Hay  (1889-94). 


Rate  pbb  Ackb  (Tows). 


Flnt 
CnL 


Second 
Cat. 


ToUl 


1889. 

Plat  1,  barn-yard  manure,  18  tons  to  acre, 
Plat  2,  barn-yard  manure,  8  tons  to  acre, 
Plat  3,  600  pounds  steamed  bone  and  200  pounds 
muriate  of  potash, 

1890. 

Plat  1,  barn-yard  manure,  14  tons  to  acre,     . 
Plat  2,  barn-yard  manure,  11  tons  to  acre. 
Plat  3,  as  in  1889  (bone  and  muriate  of  potash),   . 
Plat  4,  wood  ashes,  1  ton  to  acre,    .... 

1891. 

Plat  1,  bam-yard  manure,  8  tons  to  acre. 

Plat  2,  bam-yard  manure,  6  tons  to  acre. 

Plat  8,  as  in  1890.(bone  and  muriate  of  potash),   . 

Plat  4,  as  in  1890  (wood  ashes),     .... 

1892. 

Plat  1,  as  in  1891  (bam-yard  manure^,  . 

Plat  2,  as  in  1891  (bam-yard  manure),  . 

Plat  3,  as  in  1891  (bone  and  muriate  of  potash),  . 

Plat  4,  as  in  1891  (wood  ashes),     .... 

1893. 

Plats  1  and  2,  wood  ashes,  1  ton  to  acre. 
Plat  8,  bam-yard  manure,  8  tons  to  acre, 
Plat  4,  600  pounds  ground  bone  and  200  pounds 
muriate  of  potash  to  acre, 


2.78 
2.38 

?.60 


3.80 
3.25 
3.00 
2.23 


3.26 
2.99 
2.32 
2.32 


2.77 

2.70 
2.33 
2.18 


2.28 
2.62 

1.94 


1894. 

Plats  1  and  2,  wood  ashes,  1  ton  to  acre,        .        .  1  2.50 
Plat  3,  bam-yard  manure,  8  tons  to  acre, 
Plat  4,  600  pounds  ground  bone  and  200  pounds  . 
muriate  of  potash  to  acre, I  2.54 


1.14 
1.21 

1.03 


1.00 

1.34 

.73 

.68 


.72 
.72 

.51 
.51 


1.04 
.98 
.64 

1.02 


.77 

.86 

.64 


.37 

.51 

.18 


8.87 
8.59 

3.56 


4.80 
4.69 
3.78 
2. 91 


3.9a 
8.71 
2.8a 
2.88 


3.81 
3.68 
2.97 
8.20 


3.05 
3.48 

2.58 


2.87 
3.37 

2.72 


The  past  season  was  marked  by  a  severe  drought,  begin- 
ning with  the  month  of  July  and  extending  into  the  fall, 
which  affected  the  yield  of  the  crop  (second  cut)  to  a  serious 
extent. 
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10.  Orchard.  Experiments  with  Home-made  Stable 
Manure,  Unleached  Wood  Ashes  and  Vari- 
ous Mixtures  of  Fertilizing  Materials  on  the 
Growth  and  Yield  of  Several  Prominent  Vari- 
eties OF  Fruit  Trees  (Apples,  Pears,  Peaches 
and  Plltms). 

The  land  used  for  the  experiments  described  below  is 
situated  along  the  east  side  of  the  station  farm.  It  borders 
on  the  west  on  a  meadow,  and  on  the  eastern  side  is  sei>a- 
rated  from  a  natural  gi'ove  by  a  private  road  thirty-five  to 
forty  feet  wide. 

The  soil  consists  of  a  somewhat  sandy  loam,  with  indica- 
tions of  light  springs  in  various  parts  of  the  field.  The 
more  prominent  springs  have  been  connected  by  drain  pipes 
with  the  main  drain  of  the  adjoining  meadow  since  the  ex- 
periment began. 

The  entire  field  slopes  gently  and  quite  uniformly  from 
east  to  west.  Com  and  grasses  represent  in  the  main  the 
crops  raised  upon  the  ground  in  years  preceding  1887. 

The  inferior  yield  and  character  of  the  crops  of  later  years 
raised  upon  the  land  pointed  towards  an  indifferent  manage- 
ment, as  far  as  the  selection  of  crops  and  of  manure  is 
concerned.  To  destroy  weeds  and  other  objectionable  local 
growths,  it  became  advisable  to  introduce  a  thorough  system 
of  drill  cultivation,  which  was  begun  in  1888. 

In  1889  a  series  of  field  experiments  with  different  manures 
was  instituted,  which  has  been  continued  up  to  the  present 
time.  The  system  of  manuring  employed  from  1888  to  1894 
is  given  below :  — 

Fertilizer  applied  Each  Year  from  1889  to  1894. 

PlaJt  L — Home-made  mixed  barn-yard  manure,  18,000  ponnds 
(rate  of  10  tons  per  acre). 

Plat  IL — Wood  ashes,  1,800  pounds  (rate  of  1  ton  per  acre). 

Plat  III.  —No  fertilizer. 

Plai  IV.  — Ground  bone,  540  pounds  (rate  of  600  pounds  per 
acre)  ;  muriate  of  potash,  180  pounds  (rate  of  200  pounds  per 
acre) . 

Plat  V.  —  Ground  bone,  540  pounds  (rate  of  600  pounds  per 
acre)  ;  sulphate  of  potash  and  magnesia,  360  pounds  (rate  of  400 
pounds  per  acre) . 
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The  details  of  the  management  of  the  field  under  discussion 
may  be  found  in  our  annual  report  for  1893.  In  1890  the 
main  portion  of  the  noi-thern  part  was  laid  down  as  an 
orchard,  a  number  of  prominent  varietiey  of  apples,  pears 
and  peaches  being  set  out  in  the  order  indicated  in  the  accom- 
panying diagram  of  the  field.  To  these  a  number  of  varieties 
of  plum  trees  was  added  in  the  fall  of  1893.  The  system  of 
cultivation  was  kept  up  as  indicated  in  previous  reports,  bar- 
ley and  corn  being  raised  (between  the  trees)  in  1889 ;  vetch 
And  oats,  Scotch  tares  and  soja  bean  in  1890 ;  barley  and  oats 
in  1891 ;  Canada  peas  and  oats,  soja  bean  and  Dent  com  in 
1892 ;  vetch  and  oats,  soja  bean  and  barley  in  1893 ;  and 
in  the  fall  of  1893  the  orchard  was  seeded  down  to  rye  and 
grass.  The  space  about  four  feet  wide  around  the  trees  will 
be  kept  free  from  growth  by  means  of  the  hoe,  while  the 
system  of  manuring  as  above  will  be  continued  for  years  to 
come,  to  ascertain  the  effect,  if  any,  of  the  different  systems 
of  manuring  on  the  growth  and  healthfiilness  of  the  stated 
varieties  of  trees  under  corresponding  circumstances.  The 
fertilizer  will  be  applied  as  a  top-dressing  to  each  plat  either 
in  the  spring  or  fall,  as  circumstances  may  advise. 


Arrangement  of  Trees  in  Plats  of  Orchard. 

Each  plat  contains  the  following  varieties  of  trees,  begin- 
ning at  the  south.  The  rows  run  east  and  west,  and  there 
are  three  trees  in  each  row  of  apples,  pears  and  peaches,  and 
two  in  a  row  in  case  of  plums  :  — 


Apple. 

Peach 

Pear. 

Plnm. 

Baldwin 

Bozbury  Bnaaet,  .               •  | 
Bhode  Island  Greening, 

Early  RWers,      . 
Beer  a  Smook,     . 

Ooolidge  Favorite.      . 
Kariy  Crawford, 

Old  Mlzon. .       .       . 
Stump  of  the  World, . 

Late  Crawford,  . 

FlemUh  Beaaty, 
Seckel,        .       . 

Sheldon,      .       . 
Bartlett,      . 

D'Anjon,     . 
Lawrence,   . 

Baerre  Boic, 

German  Prune. 
German  Prune. 

Green  Gage. 
Imperial  Gage. 

Jefferaon. 
Lombard. 
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11.     Observations  in  the  Vegetation  House. 

1.  Observations  with  different  forms  of  potash,  phosphoric  acid 
and  nitrogen  on  garden  crops  (C.  A.  Goessmann). 

2.  Experiments  with  Philadelphia  tankage  and  dried  blood 
as  a  nitrogen  source  for  the  raising  of  winter  grain  (rye)  (C.  A. 
Goessmann)  . 

3.  Leather  refuse,  —  its  value  in  agriculture  (J.  B.  Lindset). 

From  preceding  descriptions  of  experiments  carried  on 
upon  the  fields  of  the  station  it  will  be  noticed  that  our 
attention  has  been  turned  of  late  to  a  special  study  of  the 
effect  of  different  forms  of  nitrogen  and  potassium  oxide 
on  the  gi'owth  of  a  series  of  prominent  fruit  and  garden 
crops.  The  results  of  three  years'  observations  regarding 
the  latter  are  already  reported  in  detail  upon  preceding  ^ 
pages  (Field  C). 

To  explain  the  striking  differences  noticed  in  the  yields  of 
some  of  those  crops,  in  particular  lettuce  and  tomatoes,  when 
raised  with  the  assistance  of  either  muriate  or  sulphate  of 
potash  (upon  Field  C),  it  seemed  advisable  for  confirmation 
of  the  results  to  transfer  the  investigations  to  the  vegetation 
house,  where,  under  better-defined  circumstances,  the  special 
effects  of  the  kind  and  form  of  the  various  articles  of  plant 
food  supplied,  as  well  as  the  most  suitable  quantity  of  each 
(nitrogen,  potassium  oxide  and  phosphoric  acid),  could  be 
more  clearly  demonstrated.  General  observations  with  fer- 
tilizers in  the  vegetation  house  began  four  years  ago. 

1.     Observations  with  Different    Forms   of  Potash,   Phos- 
phoric Acid  and  Nitrogen  on  Garden  Crops. 

By  C.  a.  Goessmann. 

The  first  systematic  attempt  in  the  above-stated  direction 
was  made  during  the  winter  of  1892-93.  The  soil  used  in 
the  vegetation  house  during  that  year  was  a  sandy  loam 
taken  a  few  feet  below  the  surface  from  a  locality  which  at 
no  time  had  received  an  additional  supply  of  manurial  mat- 
ter from  an  outside  source.  It  was  sent  through  a  screen 
before  being  used,  to  remove  coarse  vegetable  matter  (roots, 
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etc.).     Lettuce  and  New  Zealand  spinach  were  used  for  the 
observation. 

The  relative  proportion  of  fertilizer  applied  was:  of 
potassium  oxide,  3  pails ;  of  phosphoric  acid,  1  part ;  and 
of  nitrogen,  1  part.  The  percentage  of  the  different  ingre- 
dients added  to  the  soil  was  as  follows :  — 

Per  C«it. 

Potassium  oxide, 00U26 

Phosphoric  acid, 00009 

Nitrogen, 00009 

The  lettuce  seeded  in  the  boxes  containing  muriate  of 
potash  as  the  potash  source  proved  a  complete  failure,  as 
the  young  plants  attained  a  height  of  only  one  and  one- 
half  inches,  the  color  of  the  leaves  changed  into  various 
♦  shades  of  red,  and  growth  ceased.  In  the  other  boxes  the 
results  were  less  striking,  but  the  most  satisfactory  growth 
was  obtained  in  those  boxes  in  which  sulphate  of  potash 
or  sulphate  of  potash-magnesia  furnished  the  source  of 
potash. 

Less  marked  was  the  difference  in  growth  of  the  New 
Zealand  spinach,  the  plants  growing  in  the  boxes  containing 
muriate  of  potash  being  at  first  less  vigorous ;  the  difference 
in  the  yield  at  the  close  of  the  experiment  was  not  so  marked, 
except  in  regard  to  the  time  required  to  reach  perfection. 
The  most  striking  fact  noticed  with  regard  to  these  prelimi- 
nary experiments  was  the  apparently  injurious  effect  of 
muriate  of  potash  on  lettuce.  This  result  induced  me  to 
repeat  the  experiment  in  the  vegetation  house  during  the 
winter  of  1893-94  (see  annual  report). 

The  soil  turned  to  account  during  that  season  was  obtained 
two  feet  below  the  surface  of  an  abandoned  pasture,  which 
had  not  received  any  addition  of  manurial  matter  from  an 
outside  source  for  many  j-ears.  The  soil  was  screened,  thus 
being  freed  from  coarse  material  of  every  description.  It 
consisted  of  a  light  loam.  Twelve  bo^^es  (marked  irom  1  to 
12),  corresponding  in  size  to  those  of  the  previous  year  (32 
by  32  by  8  inches),  were  employed,  each  containing  about 
three  hundred  pounds  of  the  soil,  being  filled  to  within  one 


1895.]  PUBLIC  DOCUMENT  — No.  33.  275 

inch  of  the  top.  To  secure  a  thorough  mixing  of  the  fertil- 
izer and  soil,  they  were  worked  together  wuth  the  shovel 
and  the  mixture  sent  twice  through  the  screen.  The  addition 
of  the  fertilizer  to  the  soil  was  made  two  weeks  in  advance 
of  the  seeding.  A  greater  variety  of  fertilizer  mixtures  was 
turned  to  account,  including  those  of  the  preceding  year. 
The  potassium  oxide  was  furnished  by  muriate  of  potash 
(1,  2  and  3),  sulphate  of  potash  (4,  5,  6  and  12),  carbonate 
of  potash-magnesia  (7,  8,  9  and  10)  and  phosphate  of  potash 
(11).  The  phosphoric  acid  was  supplied  by  dissolved  bone- 
black  (1,  2,  3,  4,  5,  7,  8  and  9),  odorless  phosphate  (6), 
double  superphosphate  (10),  phosphate  of  potash  (11)  and 
phosphate  of  ammonia  (12).  The  nitrogen  was  added  in 
the  form  of  nitrate  of  soda  (1,  4,  7,  10  and  11),  sulphate  of 
ammonia  (2,  5  and  8),  phosphate  of  ammonia  (12)  and 
organic  nitrogen  (dried  blood)  (3,  6  and  9).  The  relative 
ratio  of  essential  fertilizing  constituents  applied  was  four 
parts  potassium  oxide,  one  part  phosphoric  acid  and  one 
part  nitrogen.  The  percentage  of  the  essential  elements  of 
plant  food  applied  to  the  soil  in  boxes  1-9  (inclusive)  was 
as  follows :  — 

I'er  Cent. 

Potassium  oxide, .0J04 

Phosphoric  acid, .0001 

Nitrogen, 0001 

The    proportions    for   the    remaining    boxes    are    given 
below :  — 

PKR  CeXT. 


Potassium  oxide. 
Phosphoric  acid, 
Nitrogen,    . 


276  AGRICULTURAL  EXPERIMENT  STATION.  [Jan. 
Following  is  a  statement  of  the  fertilizer  mixtures  used :  — 


Boxl, 
128  grams  muriate  of  potash. 
106  grams  dissolved  bone-black. 
106  grams  nitrate  of  soda. 

Box  2. 
128  grams  muriate  of  potash. 
106  grams  dissolved  bone-black. 
78  grams  sulphate  of  ammonia. 

Box  3. 
128  grams  muriate  of  potash.    * 
100  grams  dissolved  bone-black. 
155  grams  dried  blood. 


Box  4, 
128  grams  sulphate  of  potash. 
106  grams  dissolved  bone-black. 
106  grams  nitrate  of  soda. 

Box  5. 
128  grams  sulphate  of  potash. 
106  grams  dissolved  bone-black. 
78  grams  sulphate  of  ammonia. 

Box  6. 
128  grams  sulphate  of  potash. 
90  grams  odorless  phosphate. 
165  grams  dried  blood. 


Box  7. 
360  grams    carbonate    of  potash- 
magnesia. 
106  grams  dissolved  bone-black. 
106  grams  nitrate  of  soda. 

Box  8, 
360  grams    carbonate    of  potash- 
magnesia. 
106  grams  dissolved  bone-black. 
78  grams  sulphate  of  ammonia. 

Box  9. 
360  grams    carbonate    of  potash- 
magnesia. 
100  grams  dissolved  bone-black. 
155  grams  dried  blood. 

Box  10. 
136  grams  double  superphosphate. 
360  grams   carbonate    of  potash- 
magnesia. 
106  grams  nitrate  of  soda. 

Box  11, 
200  grams  phosphate  of  potash. 
212  grams  nitrate  of  soda. 

Box  12. 
145  grams  phosphate  of  ammonia. 
128  grams  sulphate  of  potash. 
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Analyses  of  chemicals  used  in  compounding  the  above 
mixtures  will  be  found  below :  — 


Potasslam 
Oxide. 

Pbotpboric 
Acid. 

Nitrogen. 

Muriate  of  potash,      .        .        .        . 

Per  Cent. 
46.00 

Per  Cent. 

Per  Cent. 

Sulphate  of  potash,     . 

60.20 

- 

- 

Potash-magnesia  sulphate. 

1      24.32 

1 

- 

- 

Carbonate  of  potash-magnesia, 

18.48 

- 

- 

Phosphate  of  potash,  . 

32.56 

35.70 

- 

Dissolved  bone-black. 

1 

13.88 

- 

Odorless  phosphate,   . 

18.42 

- 

Double  superphosphate, 

- 

47.80 

- 

Phosphate  of  ammonia, 

' 

43.86 

10.37 

Dried  blood. 

- 

4.02 

10.00 

Kitrateofsoda,  . 

- 

14.28 

Sulphate  of  ammonia. 

1 

• 

19.59 

A  greater  variety  of  garden  vegetables  was  selected  for 
trial.  .Each  box  was  planted  on  October  11  with  seed  of 
the  following :  — 

Lettuce,  variety  Hanson. 
Spinach,  variety  New  Zealand. 
Beets,  variety  Egyptian. 
Tomato,  variety  Essex  Hybrid. 

The  boxes  were  treated  similariy  with  regard  to  tempera- 
ture and  time  of  watering.  To  control  the  experiment,  part 
of  the  vegetation  house  was  turned  to  account  to  raise  the 
same  varieties  of  vegetables  in  the  same  soil,  properly  ma- 
nured with  vegetable  compost  from  a  successfully  managed 
hot-bed.  On  Octolier  17  the  lettuce  and  spinach  appeared, 
and  by  October  20  the  remaining  seeds  had  sprouted.  The 
following  notes  relating  to  the  different  garden  vegetables 
on  trial  may  not  be  without  interest  in  this  connection, 
although  still  of  a  preliminary  character :  — 
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Lfttuoe.  —  The  seed  germinated  well  in  all  cases  except 
with  box  12,  in  which  the  number  was  somewhat  scanty. 
During  the  first  two  or  three  weeks  of  growth  the  difference 
in  the  boxes  was  not  very  marked,  although  on  November  20 
1,  2  and  3  were  noted  as  being  generally  of  poorer  quality 
than  the  others,  with  4,  5  and  6  next.  Nos.  2  and  5  were 
the  poorest  in  their  respective  groups  in  which  the  nitrogen 
was  furnished  by  ammonia  salts.  In  boxes  8  and  12  the 
same  failure  was  noticed. 

The  lettuce  was  removed  from  9  and  10  January  10,  hav- 
ing made  a  very  satisfactory  growth,  and  on  January  20 
from  7  and  8,  also  with  a  good  growth. 

Beets, — The  seed  germinated  well  in  all  cases,  and  dar- 
ing the  first  paii;  of  the  growing  period  no  very  great  differ- 
ences were  observed  in  the  general  appearance  of  the  various 
boxes.  The  plants  in  7,  8,  9,  10  and  11  proved  the  most 
satisfactory,  being  removed  January  31. 

Spinach.  —  This  crop  grew  better  in  proportion  in  all  the 
boxes  than  either  of  the  others  on  trial.  In  1,  2  and  3  it 
made  a  fair  growth,  although  not  as  vigorous  as  in  the 
remaining  boxe5 ;  4,  5  and  6  showed  a  more  vigorous  and 
rapid  growth,  while  7,  8  and  9  proved  to  be  still  more 
vigorous.  Boxes  10  and  11  showed  a  corresponding  rela- 
tive increase  in  growth,  the  plants  being  removed  on  Janu- 
ary 3,  when  in  bloom. 

Tomatoes,  —  The  growth  of  the  tomatoes  in  1,  2  and  3 
was  less  satisfactory  than  in  most  of  the  others.  The  degree 
of  growth  under  the  influence  of  different  fertilizers  may  be 
noticed  from  the  following  table,  expressing  the  heights  of 
the  plants  at  different  periods  of  the  observation :  — 


Height  of  Tomato  Plants. 
[Inches.] 


Boxes. 

DATE. 

1. 

l». 

.. 

4. 

5. 

6.     1    7. 

S. 

•. 

10. 

111. 

IC. 

Decembers,    . 
December  19,  . 
January  0, 

26 

21 

6i 
10 

8 

7 
25 

8 
18 

i    5 
10 
22 

6         6i 

Hi     11 
22       28 

8i 
14 
31 

8 
14 
32 

134 

24 

45 

0 

21 

I44 
1^ 

S4 

21 

1^ 
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The  plants  came  in  bloom  a&  follows:  in  box  10,  on 
December  18;  in  box  11,  on  December  20;  in  box  12,  on 
December  23 ;  in  boxes  4,  5,  6,  7,  8  and  9,  on  January  1 ; 
and  in  boxes  1  and  3,  on  January  3.  The  plants  in  box  2 
came  in  bloom  February  15, 

Fruit  was  formed  first  on  the  plants  in  box  10,  noticed  on 
Jantiary  17,  It  first  appeared  in  box  12  on  January  18 ;  in 
boxes  4  and  9  on  January  21 ;  in  box  3  on  January  24 ;  in 
box  1  on  January  27  ;  in  box  8  on  February  5 ;  and  in  box 
7  on  February  28. 

Fruit  ripened  in  box  10  on  February  20 ;  in  boxes  8,  4 
and  12,  on  February  28  ;  in  box  9,  on  March  1 ;  and  in  box 
8,  on  March  7. 

The  plants  grown  in  the  soil  manured  with  vegetable  com- 
post, as  a  sort  of  control  experiment,  made  a  very  vigorous 
and  healthy  growth,  but  blossomed  late  and  had  formed  no 
fruit  up  to  March  8,  although  retaining  their  promising 
appearance. 

Conclusions, 

Lettuce  did  best  in  boxes  10,  9,  7  and  8 ;  beets  did  best 
in  boxes,  7,  10,  8,  4  and  11 ;  spinach  did  best  in  boxes  10, 
11,  7,  8  and  9  ;  tomatoes  did  best  in  boxes  10,  12,  4  and  9. 

1894-95. — During  the  past  summer  the  boxes  of  the 
vegetation  house  were  removed  and  replaced  by  others  some- 
what larger.  The  arrangement  for  sub-irrigation  previously 
used  in  box  4  gave  such  good  satisfaction  that  all  of  the 
boxes  were  similarly  equipped. 

The  soil  used  for  filling  the  boxes  was  obtained  about  six 
inches  below  the  surface  of  land  which  had  not  been  under 
cultivation  for  a  considerable  period.  This  soil  was  carefully 
screened,  to  remove  coarse  particles.  Each  box  received 
about  seven  hundred  and  fifty  pounds  of  the  earth,  to  which 
the  fertilizer  had  been  applied  and  carefully  mixed  before 
filling  in.  The  proportion  of  essential  fertilizing  ingredients 
applied  to  the  soil  is  as  follows :  — 

Boxes  i,  2,  3,  4,  ,5,  6,  7  and  8. 

Per  Cent. 

Potasstum  oxide, 0056 

Fhosphorio  acid, 0014  ' 

Nitrogen, 0014 
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Boxes  9,  10,  11,  12,  14  and  15, 

Far  Ont 

Potassiupi  oxide, 0056 

Fhospborio  acid, 0056 

Nitrogen, OOU 

Below  is  given  a  statement  of  the  various  fertilizer  mixt- 
ures employed,  the  amounts  stated  being  for  one  thousand 
pounds  of  soil :  — 


Box  1. 
512  grams  muriate  of  potash. 
424  grams  dissolved  bone-black. 
620  grams  dried  blood. 

Box  2. 
512  grams  muriate  of  potash. 
424  grams  odorless  phosphate. 
620  grams  dried  blood. 

Box  3, 
512  grams  sulphate  of  potash. 
424  grams  bone-black. 
620  grams  dried  blood. 

Box  4, 
512  grams  sulphate  of  potash. 
424  grams  odorless  phosphate. 
620  grams  dried  blood. 

Box  o. 
1,440  grams  potash-magnesia  car- 
bonate. 
136  grams    double     superphos- 
phate. 
620  grams  dried  blood. 

Box  6, 
1,440  grams  potash-magnesia  car- 
bonate. 
424  grams  odorless  phosphate. 
620  grams  dried  blood. 


Box  7. 
512  grams  sulphate  of  potash. 
136  grams    double     superphos- 
phate. 
424  grams  nitrate  of  soda. 

Box  8. 
1,440  grams  potash-magnesia  car- 
bonate. 
136  grams     double  «  superphos- 
phate. 
424  grams  nitrate  of  soda. 

Box  9. 
544  grams     double     superphos- 
phate. 
1,440  grams  potash-magnesia  car- 
bonate. 
424  grams  nitrate  of  soda. 

Box  10, 
580  grams  phosphate  of  ammo- 
nia. 
512  grams  sulphate  of  potash. 

Box  11. 
800  grams  phosphate  of  potash. 
312  grams  sulphate  of  anmioma. 

Box  12, 
544  grams     double     superphos- 
phate. 
312  grams  sulphate  of  ammonia. 
512  grams  muriate  of  potash. 
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Box  13. 
100  pounds  compost. 

Box  14, 
580  grams  phosphate  of  ammonia. 
^12  grams  sulphate  of  potash. 


Box  15. 
800  grams  phosphate  of  potash. 
312  grams  sulphate  of  ammonia. 

Box  16. 
100  pounds  compost. 


The  analyses  of  the  chemicals  used  in  compounding  the 
above  mixture  are  given  on  a  preceding  page.  The  analyses 
of  the  soil  used  in  filling  the  boxes,  and  of  the  compost 
applied  (13  and  16),  wiU  be  found  below  :  — 


Moisture  at  100°  C,      . 
Phosphoric  acid,   . 
Potassium  oxide,  . 
Nitrogen,       .... 
Organic  and  volatile  matter, 
Insoluble  matter,  . 


Compost. 


The  boxes  were  planted  October  11  and  12  with  the  fol- 
lowing varieties  of  vegetables  :  — 

Tomato  (the  Lorillard). 

Turnip  (Early  American  Red  Top) . 

Lettuce  (Rawson's  New  Hot-house). 

February  1,  tomatoes  are  looking  best  in  boxes  9,  10,  11 
and  8,  in  the  order  named;  fruit  has  set  on  9  and  10,  also 
on  3  and  4,  although  the  plants  have  not  made  a  very  stocky 
growth.  Turnips  are  developed  most  in  boxes  13,  16,  14, 
15  and  11,  in  the  order  named;  9,  10,  2,  3,  4  and  7  have 
made  considerable  leaf  growth,  but  have  not  much  root 
development. 
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Following  is  given  a  summary  of  results  to  April  1,  1895. 
The  detailed  statement  must  of  necessity  be  left  for  future 
presentation. 

Turnips, 
[Harvested  Feb.  21, 1895.] 


Number  of 
Roots. 

Average 
Diaraottrof 

Roots. 

ToUil 

Weight  of 

ltoot«. 

Total 

WeUrht  of 

Leaves. 

Avenge 
Length  of 
Leaves. 

Box    1,     .        .        .        . 

4 

2.7 

14.00 

48.00 

17.25 

Box    2, 

4 

2.6 

16.00 

37.00 

14.50 

Box    3, 

5 

2.5 

18.00 

44.00 

14.60 

Box    4*, 

5 

2.5 

20.00 

46.00 

15.80 

Box   6, 

- 

- 

" 

- 

- 

Box    6, 

- 

- 

_ 

- 

- 

Box    7, 

4 

2.7 

17.50 

48.00 

15.00 

Box    8, 

- 

- 

- 

- 

- 

Box    9, 

5 

1.7 

7.00 

33.00 

13.40 

Box  10, 

4 

2.1 

8.50 

29.00 

15.50 

Box  11, 

4 

2.9 

26.00 

42.00 

17.00 

Box  12, 

3 

2.0 

7.50 

31.00 

14.00 

Box  13. 

4 

4.3 

60.50 

25.50 

15.76 

BoxU.     . 

4 

4.3 

57.00 

50.00 

17.25 

Box  15,     . 

1        7 

3.8 

48.00 

64.00 

16.25 

Box  16,     . 

4 

4.0 

45.00 

21.00 

14.75 

Roots  in  boxes  5,  6  and  8  have  not  been  harvested. 


Tomatoes. 
[Summary  of  observations  to  April  1,  1895.] 


Id  Bloom. 

Fruit  Set. 

Bipe. 

In  Bloom. 

Fruit  Set 

Ripe. 

Box  1,  . 

March  25. 1 

- 

Box   9,       . 

Jan.    7. 

Jan.    20. 

March  13. 

Box  2,  . 

March  20.    April     2. 

- 

Box  10,       . 

Jan.    1. 

Jao.    20. 

March  10. 

Box  3.  . 

Jan.       6.    Jan.     22. 

- 

Box  11,       . 

Jan.    4. 

Feb.      1. 

March  28. 

Box  4,  . 

Jan.       8.    March    6. 

- 

Box  12,       . 

Jan.  20. 

March  5. 

March  12. 

Box  6,  . 

April     2. ' 

- 

Box  13,       . 

Jan.    4. 

March  1. 

- 

Box  6,  . 

April     2. ' 

- 

Box  14. 

Jan.  10. 

March  1. 

- 

Box  7,  . 

Feb.       7. 1  April     1. 

- 

Box  15,       . 

Jan.   ^ 

March  20. 

- 

Box  8,  . 

Jan.     15. 

March    1. 

- 

Box  16,       . 

Jan.    8. 

March  1. 

• 
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2.     Experiments  with  Philadelphia  Tankage  and  Dried  Blood 

AS  A  Nitrogen  Source  for  the  raising  of  Winter  Grain 

(Rye). 

By  C.  a.  Goessmann. 

1893-94.  —  The  experiments  described  below  were  carried 
on  for  the  purpose  of  comparing  the  value  of  dried  blood 
and  Philadelphia  tankage  as  a  niti*ogen  source  for  the  raising 
of  winter  rye.  The  soil  used  in  the  experiment  was  obtained 
from  a  locality  not  under  cultivation,  and  was  carefully 
screened  before  Ui?e.  Six  boxes  were  filled,  each  with  about 
seventy-five  pounds  of  the  earth. 

Boxes  1  and  4  were  fertilized  with  180  grams  of  the  fol- 
lowing mixture :  — 

Porta. 

Double  superphosphate, 40 

Muriate  of  potash, 100 

Dried  blood, 100 

Boxes  2  and  3  were  fertilized  with  1 80  grams  of  the  fol- 
lowing mixture :  — 

Parts. 

Double  superphosphate, 40 

Muriate  of  potash, 100 

Philadelphia  tankage, 100 

The  other  two  boxes  received  no  fertilizer  addition. 

Sept.  21,  1893,  winter  rye  was  sown  in  the  boxes.  This 
began  to  appear  above  ground  September  25,  and  October  12 
the  plants  were  thinned  to  five  in  a  row,  three  rows  in  a  box. 
During  the  winter  the  boxes  were  kept  in  the  unheated  por- 
tion of  the  vegetation  house,  and,  to  get  as  nearly  as  possible 
the  outside  conditions,  snow  was  placed  on  the  boxes  at 
intervals,  its  melting  furnishing  the  only  water  the  boxes 
received  during  the  winter.  At  the  opening  of  spring  the 
boxes  were  again  regularly  watered,  during  the  summer 
receiving  about  four  hundred  cubic  centimeters  of  water  daily. 
No  very  striking  differences  were  noticed  in  the  appearance 
of  the  fertilized  boxes,  the  average  height  being  about  thirty- 
six  inches.     The  boxes  receiving  no  fertilizer  averaged  thirty 
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inches  in  height.  The  plants  were  in  bloom  May  25.  They 
were  harvested  July  27.  They  were  kept  until  October  9, 
when  the  following  weights  were  taken :  — 


Weight  (Orams). 


Tankaob. 

Blood. 

'        NOTHIKO. 

1 

BOZEB 

a. 

S. 

1. 

4. 

1        »- 

•. 

Number  of  heads, 

41 

41 

51      '      41 

1 

25             18 

Total  weight 

10.87 

13.10 

12.60  '      9.07 

8.25         5.(a 

Number  contalDlDg  grain, 

24 

82 

26            28 

21             13 

Number  empty  heads 

IT 

9 

1      25            18 

4              5 

Weight  of  straw 

22.17 

22.57 

33.45       22.80 

16.70       11.60 

1894-95.  —  The  experiments  with  winter  crops  were 
continued  during  the  winter  of  1894-95,  as  follows :  — 

Ten  boxes  were  filled  with  the  same  kind  of  earth  used  in 
the  beds  of  the  hot-house,  about  100  pounds  being  used  per 
box,  together  with  the  following  fertilizer  mixtures :  — 


Box  i. 
7.68  grams  sulphate  of  potash. 
24.38  grams  bone-black. 
24.38  grams  nitrate  of  soda. 

Box  2. 
7.68  grams  sulphate  of  potash. 
24.38  grams  odorless  phosphate. 
24.38  grams  nitrate  of  soda. 

Box  3. 
7.68  grams  sulphate  of  potash. 
24 .  38  grams  bone-black. 
18.72  grams  sulphate  of  ammonia. 

Box  4, 
7.68  grams  sulphate  of  potash. 
24.38  grams  odorless  phosphate. 
18.72  grams  sulphate  of  ammonia. 

Box  5. 
7.68  grams  sulphate  of  potash. 
24.38  grams  bone-black. 
4'). 22  grams  dried  blood. 


Box  6, 
7 .  68  grams  sulphate  of  potash. 
24.38  grams  odorless  phosphate. 
40.22  grams  dried  blood. 

Box  7. 
7.68  grams  sulphate  of  potash. 
'  24 .  38  grams  bone-black. 
51 .  16  grams  Philadelphia  tankage. 

Box  S, 
7.68  grams  sulphate  of  potash. 
24.38  grams  odorless  phosphate. 
51 .  16  grams  Philadelphia  tankage. 

Box  .9. 
7 .  68  grams  sulphate  of  potash. 
24.38  grams  bone-black. 
56.64  grams  leather  refuse. 

Box  10. 
7.68  grains  sulphate  of  potash. 
24.38  grams  odorless  phosphate 
50.64  grams  leather  refuse. 
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The  chemical  composition  of  the  above  fertilizing  ingre- 
dients can  be  ascertained  from  the  table  on  page  277.  The 
Philadelphia  tankage  contained  seven  and  one-half  per  cent, 
nitrogen. 

October  2,  crops  were  planted  in  the  boxes  as  follows  :  — 

Boxes  1  and  2,  winter  rape. 

Boxes  3  and  4,  winter  vetch. 

Boxes  5,  6,  7,  8,  9  and  10,  winter  rye. 

The  seed  germinated  well  and  the  plants  made  a  good 
growth  before  winter,  being  left  in  the  cold  house  and  cov- 
ered with  snow  during  the  winter  season,  to  imitate  as  nearly 
as  possible  the  outside  conditions. 


3.     Leather  Refuse,  —  its  Value  in  Agriculture.* 

BT  J.  B.  LiNDSBY. 

During  the  past  few  years  claims  have  been  made  at 
various  times  that  large  quantities  of  leather  shavings  and 
the  like  have  found  their  way  into  the  so-called  commercial 
fertilizers  that  are  so  widely  used  by  the  farmers  of  the 
United  States.  The  writer  has  no  means  of  knowing 
whether  this  claim  is  true  or  not.  It  should  be  the  object 
of  the  fertilizer  manufacturer  to  utilize  all  kinds  of  waste 
products  that  possess  distinct  manurial  value.  By  so  doing 
he  not  only  benefits  himself,  but  the  farmer  as  well. 

It  was  very  early  assumed  from  its  chemical  character, 
without  any  exact  experiments  upon  which  to  base  the 
assumption,  that  leather  refuse  would  yield  its  nitrogen  as 
plant  food  very  slowly,  if  at  all. 

/,    Historiccil  Review, 

1,  Methods  employed  to  make  the  Nitrogen  available  to  Growing 

Plants, 

The  first  method  suggested,  so  far  as  the  writer  has  been 
able  to  ascertain,  was  that  pi-escribed  by  F.  O.  Ward  f  of 
England,  in  1857,  for  turning  to  account  woollen  rags, 

♦  A  portion  of  this  article  has  already  appeared  in  Agricaitnral  Science,  Vol.  8, 
Xos.  2  and  3,  1894. 

t  Report  by  the  Juries  of  the  International  Exhibition,  1862.  Reporter,  A.  W. 
Hoffman.    Repertory  of  Patent  Inventions,  Angnst,  1857,  page  137* 
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wool,  silk  and  leather  clippings.  The  process  as  described 
was  as  follows :  the  refuse  was  introduced  into  an  ordinary 
autoclave  digester,  and  there  kept  for  about  three  hours, 
surrounded  by  steam  heated  to  a  pressure  of  from  three  to 
five  atmospheres.  Wool  required  a  higher  temperature  than 
leather,  and  silk  than  wool.  The  materials  condensed  a  por- 
tion of  the  steam  and  absorbed  its  heat.  This  joint  action 
converted  the  animal  matter  into  a  friable  substance,  which, 
however,  still  retained  its  original  form  and  aspect.  It  was 
then  ground  fine,  sifted  and  bagged.  **The  details  of  the 
process,  the  fuel  and  labor-saving  arrangements  that  have 
been  learned,  point  by  point,  by  costly  manufacturing  ex- 
perience, cannot,"  says  Ward,  **  with  propriety  be  divulged." 
The  final  product  is  described  as  a  dark-colored  powder. 
The  nitrogen  in  the  finished  product  is  said  to  exist  to  a 
small  extent  as  ready  formed  ammonia,  being  in  combination 
with  ulmic  and  humic  acids  developed  during  the  process. 
It  was  stated  at  the  time  that  this  manufacturing  process  was 
carried  on  at  large  works  on  the  Thames.  The  material  for 
the  most  part  was  sold  to  manure  manufacturers,  who  used 
it  as  an  ingredient  of  their  several  fertilizing  compounds, 
and  it  was  *'  used  by  many  farmers  who  are  not  aware  of  the 
fact."  Ward  says  that,  **  while  this  material  is  not  as  active 
as  some  other  forms  of  organic  nitrogen,  it  possessed  distinct 
value  as  a  fertilizer."  * 

Edw.  Toynbec,t  in  1858,  also  described  a  process  whereby 
leather  and  wool  waste  could  be  cooked  in  sulphuric  acid, 
and  be  made  more  available  as  a  fertilizer.  He  said  that  *'  to 
one  centner  of  sulphuric  acid  four  or  five  centners  of  wool  or 
leather  waste  could  be  added."  The  writer  does  not  see  how 
such  a  large  amount  of  leather  could  be  added  to  the  acid,  as 
will  be  shown  further  on.  L.  Meyer  J  speaks  of  dissolving 
all  such  refuse  substances  in  warm  sulphuric  acid,  and  neu- 
tralizing the  moist  mass  with  bone. 

A.  Lipowitz  §    notes  the  fact  that  the  Posner  fertilizer 

*  The  writer  does  not  know  whether  this  process  is  still  in  operation  in  England 
for  ntilizing  the  leather,  wool  and  silk  wastes. 

t  Repertory  of  Patent  Inventions,  1858,  page  389.  Jahresbericht  Agric.  Chem., 
1859. 

t  Jahresbericht  Agric.  Chem.,  1859,  228. 

j  AUgem.  Zeitung  ffir  deatsche  Land,  und  Forstwirthe,  1859,  153. 
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factory  utilizes  all  such  kinds  of  waste  as  have  already  been 
referred  to. 

Runge  *  speaks  of  rendering  leather  and  wool  more  avail- 
able by  dissolving  them  in  a  mixture  of  Glauber's  salt  and 
quick-lime.  This  chemist  manufactured  a  fertilizer  upon  a 
large  scale  from  these  materials. 

Eeichardt  f  describes  his  method  of  subjecting  the  leather 
refuse  to  steam  pressure,  and  then  drying  it  quickly.  After 
such  a  treatment  he  found  15.75  per  cent,  of  the  material  to 
be  soluble  in  boiling  water,  and  that,  after  standing  for  some 
time,  20  per  cent,  could  l^e  dissolved.  By  treating  the  dry 
leather  that  had  been  sulyected  to  steam  with  20  to  40  per 
cent,  sulphuric  acid,  he  was  enabled  to  dissolve  from  22  to 
2d  per  cent,  of  the  leather  in  water.  With  a  five  per  cent, 
solution  of  crystallized  soda,  28.8  per  cent,  could  be  brought 
into  solution.  He  therefore  concluded  that  the  best  method 
was  to  subject  the  leather  to  the  action  of  a  weak  soda 
solution. 

Coignet's  f  method  was  reported  in  1874  by  H.  Mangon. 
Briefly  stated,  it  is  as  follows :  the  refuse  material  is  placed 
in  a  room  having  a  cubic  area  of  20  meters.  Directly  out- 
side of  the  room  is  a  coke  oven,  connected  with  a  chimney 
that  has  an  opening  into  the  room  containing  the  material 
to  be  treated.  Into  this  chimney  are  conducted  jets  of 
steam,  so  that  the  room  is  heated  from  150°  to  160°  C. 
for  several  hours  by  this  moist  chimney  air.  Under  these 
conditions  the  leather  swells  somewhat,  and  becomes  dark, 
brittle,  and  can  easily  be  rubbed  to  a  powder. 

Storer§  says:  **It  is  evidently  with  reference  to  this 
process  that  the  statement  has  recently  been  made  that 
certain  manufacturers  of  fertilizers  at  Paris  devote  them- 
selves particularly  to  the  preparation  of  torrefied  wool,  horn, 
leather  and  even  bone,  the  leather  having  first  been  steamed 
strongly  to  remove  oil  and  gelatine." 

L'Hote  II  describes  a  method  whereby  such  waste  material 

•  Jahresbericht  Agric.  Chem.,  1865. 

t  Zeitschrift  for  deutsche  Landwirtschaft,  1865,  136.  Jahresbericht  Agric.  Chem., 
1865. 

J  Organ  der  Verelnf.  Kabenz.  Industrie  in  (Ester-Ungam,  1874,  32.  Jahres- 
bericht Agric.  Chem.,  1873-1874,  37. 

$  Agriculture  I.,  382. 

0  Centralblatt  fhr  Agric.  Chem.,  s,  258.  Illnstrirte  Landw.  Zeitnng,  1874,  No.  2, 18. 
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as  wool,  leather,  etc.,  can  be  converted  into  sulphate  of 
ammonia.  He  suggests  dissolving  the  material  in  a  ten  per 
cent,  solution  of  caustic  soda  in  the  cold.  The  substances 
will  be  partly  dissolved,  or  their  structure  more  or  less 
destroyed.  The  jelly-like  mass  is  then  mixed  with  caustic 
lime  till  it  becomes  of  a  doughy  consistency.  It  is  then 
brought  into  iron  retorts,  and  heated  at  first  at  as  low  a  tem- 
perature as  possible,  in  order  to  prevent  the  dissociation  of 
the  ammonia,  which  is  caught  in  sulphuric  acid.  After  the 
gas  has  been  nearly  driven  off,  the  retorts  are  subjected  to 
red  heat.  At  the  end  of  the  operation  a  white  powdery 
substance  is  left  behind,  consisting  of  carbonate  of  soda  and 
caustic  lime.  By  cooking  this  substance  with  water,  caustic 
soda  is  formed  and  can  be  again  utilized.  By  this  method 
all  the  nitrogen  is  obtained.-  The  resulting  sulphate  of  am- 
monia is  somewhat  colored. 

For  utilizing  leather  Rtimpler*  suggests  the  following 
method :  in  lead  or  iron  jacketed  kettles,  sulphuric  acid  of 
50°  B.  is  heated  very  hot,  and  leather  stirred  in  till  a  dark- 
brown  fluid  is  obtained.  This  fluid  is  then  used  to  dis- 
solve the  phosphate  of  lime.  He  remarks  that  **  the  nitro- 
gen is  saved,  and  without  doubt  is  much  more  available 
from  the  fact  that  the  tannin  is  destroyed." 

Erhardtf  suggests  that  such  refuse  material  be  slowly 
burned  in  closed  ovens,  and  the  gas  collected  in  moist  muck 
till  the  latter  becomes  saturated.  This  muck  mixed  with 
superphosphate  gave,  he  says,  a  quick-acting  manure. 

Deherain  J  says  that  this  leather  refuse  can  be  dissolved  in 
sulphuric  acid,  and  the  excess  of  acid  neutralized  with  phos- 
phate of  lime.  In  this  way  he  claims  a  very  active  fertilizer 
can  be  obtained  at  a  low  cost. 

The  writer  understands  that  this  latter  method  has  been  in 
quite  general  use  for  many  years  by  European  manufacturers. 
Not  only  has  leather  been  thus  treated,  but  also  a  great 
variety  of  nitrogen-containing  refuse  materials.  American 
manufacturers  also  subject  various  waste  materials  to  the 
action  of  sulphuric  acid,  in  order  to  render  them  more  quickly 
available. 


•  KnUfliche  Dongestoflfe.    H.  Rtimpler,  1875  (Thaer  Bibliothek). 
t  Jahresbericht  Agric.  Chem.,  1880,  337. 
t  Deherain,  Chimie  Agricole  [1892],  624. 
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From  the  many  methods  suggested  for  the  utilization  of 
leather  waste,  it  is  evident  that  in  the  older  countries, 
specially  England,  France  and  Germany,  this  material,  after 
having  been  submitted  to  some  mode  of  treatment,  is  quite 
generally  used,  to  a  greater  or  less  degree,  in  the  manufact- 
ure of  commercial  fertilizers, 

Petermann  *  says  that  '*  it  is  well  known  that  certain  Bel- 
gian and  French  manufacturers  use  leather  in  their  products, 
but  that  such  goods  contain,  in  addition,  nitrogen  in  other 
forms,  such  as  blood,  horn,  meal,  sulphate  of  ammonia  and 
nitrate  of  soda."  He  further  states  that  the  "  factories  pro- 
ducing this  material  are  numerous,  and  a  considerable  quantity 
is  produced  annually." 

2.    Manuricd  Value  of  Prepared  Leather  Wa^ien 

The  different  experiments  made  to  prove  the  value  of 
leather  have  been  conducted  either  with  untreated  finely 
ground  leather,  with  torrefied  leather,  or  with  leather 
steamed  under  pressure. 

Three  different  methods  have  been  used  in  testing  the 
agricultural  value  of  leather :  (a)  by  directly  testing  its  fer- 
tilizing effect  either  in  pot  or  plat  experiments  ;  (6)  by  arti- 
ficially digesting  it  with  a  pepsin  solution ;  (c)  by  noting 
the  length  of  time  required  to  nitrify  it.  The  first  method 
is  by  far  the  most  interesting,  and  leads  to  direct  results. 
The  other  two  serve  at  least  to  confirm  the  results  obtained 
by  the  first  method. 

A.    Pot  and  Plat  Experiments. 

Very  early  experiments  are  not  to  be  found  in  literature. 

The  first  experiment  recorded  was  made  by  Ladureau,f 
and  lasted  but  a  single  season.  He  found  that  2,500  kilos, 
of  torrefied  leather  yielded  30,100  kilos,  of  sugar  beets, 
testing  8.83  per  cent,  of  sugar;  and  2,500  kilos,  of  the 
same  leather  plus  200  hectolitres  of  lime  gave  38,600  kilos, 
of  beets,  with  10.10  per  cent,  sugar.  The  same  area  of  land 
without  leather  yielded  20,000  kilos,  of  sugar  beets,  testing 

•  Recherches  de  Chimie  et  Physiologie  [1885],  144. 
t  Annales  Agron.,  1878;  Xoc.  cit.t  146. 
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10.93  percent,  sugar.  Petermann  remarks  on  these  resalts 
as  follows:  **In  spite  of  the  increased  yield  obtained  by 
using  the  leather,  the  experiment  was  not  a  success  finan- 
cially, and,  further,  the  beets  produced  with  the  aid  of  the 
leather  were  poorer  in  quality  than  those  without  it." 

In  1880  Petermann  *  carried  out  a  series  of  experiments 
with  ground  steamed  leather,  to  test  its  manurial  value.  It 
was  very  dry  and  brittle,  and  contained  7.51  per  cent,  of 
nitrogen  and  0.81  per  cent,  of  phosphoric  anhydride  soluble 
in  hydrochloric  acid. 

The  experiments  were  carried  on  in  the  plant  house  in 
pots,  with  oats ;  in  the  garden,  with  the  horse  bean  (  Vicia 
faba) ;  and  in  the  field,  with  sugar  beets. 


Experiments  with  Oats  in  Pots. 

Each  test  was  made  in  duplicate.  The  soil  was  what 
might  be  called  a  sandy  clay,  each  pot  holding  4,000  grams. 
The  fertilizer  was  mixed  with  three-fourths  of  the  soil  of 
each  pot.  To  the  soil  in  each  pot  were  added  0.25  gram 
of  nitrogen,  0.30  gram  of  phosphoric  acid  and  0.20  gram 
of  potash. 


Results  (Average  of  the  Duplicates,  expressed  in 

Grams) 

Bntiro 
Plant. 

Straw. 

Ohafl. 

Gnln. 

22.S4 

15.19 

.05 

0.20 

Series  I. 


Series  IL 


mtrogen  +  Photphoric  Acid, 

i 

{n )  Leather  +  precipitated  phosphate, 

39.9S 

81.28 

1.15 

7.50 

(6)  Blood -f  preciplUted  phoiphate,  . 

61.07 

86.45 

1.01 

13.61 

•  Loc.  cit.j  144  Centrabl.  Agric.  Chem.,  lo.  690. 
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Series  III. 

Entire 
Plant. 

Btraw. 

Chaff. 

Grain. 

<a)  Leather  +  precipitated  phosphate  -f  mn- 
riaieof  potash. 

(b)  Dried  hlood  +  preolpiUted    phosphate  + 
mariate  of  potash. 

80.66 
37.40 

21.90 
29.05 

1.09 
1.82 

7.66 
16.03 

In  observing  the  results  of  the  experiments  we  notice 
especially,  with  refereriPqe  to  the  grain  produced,  that  the 
leather  did  not  increase  the  yield  to  any  appreciable  extent 
over  that  of  the  unfertilized  pots.  When  phosphoric  acid 
and  potash  were  applied  with  the  leather  a  slight  increase  in 
the  yield  of  grain  was  noticed,  while  in  case  of  the  dried 
blood  plus  the  phosphoric  acid  and  potash  the  yield  was 
twice  that  of  the  unfertilized  pot. 

Garden  Experiments  with  Horse  Beans, 

The  soil  was  the  same  as  in  the  previous  experiment. 
Size  of  plats,  60  square  meters.  The  fertilizer  applied  was 
leather  and  nitrate  of  soda.  Nitrogen  was  applied  at  the 
rate  of  58.5  pounds  per  acre. 

Results  per  Plat. 


Stems  and 

Pods  in 

Kilos. 


Benns  in 
KUos. 


Beans  per 
Acre  in 
Kilos. 


Unmannred 9,869 

Leather 12,822 

I 

Nitrate  of  soda 11,466 


1,131 
1,178 
2,036 


37,700 
39,268 
67,832 


It  will  be  observed  that  the  leather  produced  only  a  slight 
increase  in  the  yield  of  beans. 

Field  Experiinents  with  Sugar  Beets. 

Same  soil  as  in  previous  experiments.  Each  plat  meas- 
ured one  are.  The  fertilizer  was  applied  at  the  rate  of  42^ 
pounds  of  nitrogen  and  52.8  pounds  of  phosphoric  acid  per 
acre. 
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BesuUs  per  Hectare. 


Percentage 
Increase  over 
Uninaniired. 


Unmanured, 

Soluble  phosphoric  acid, 

Water  and  citrate  soluble  phosphoric  acid, 

Citrate  soluble  phosphoric  acid,  .... 

Unmanured, 

Leather  -|-  soluble  phosphoric  acid,     . 

Leather  +  water  soluble  -f-  citrate  soluble  phos- 
phoric acid. 
Leather -|-  citrate  soluble  phosphoric  acid, . 

Unmanured, . 

Nitrate  of  soda  -j-  soluble  phosphoric  acid, . 

Nitrate  of  soda  -f-  water  -{-  citrate  soluble  phos- 
phoric acid. 
Nitrate  of  soda -j- citrate  soluble  phosphoric  acid. 


84,880 
84,880 
84,290 
84,880 
88340 
87^90 
87,180 
85,910 
82,940 
48,880 
42.070 
48330 


—1.6 
—1.2 
—1.6 

11.9 

10.7 

6.0 

28.1 
24.3 

29.4 


While  the  leather  has  shown  its  effect,  it  runs  far  behind 
the  nitrate  of  soda.  Petermann  says  that  from  a  financial 
stand-point  the  leather  shows  a  loss  and  the  nitrate  of  soda  a 
gain.  Of  his  results  the  experimenter  makes  the  following 
r6sum6 :  <<  With  horse  bean  the  leather  shows  practically  no 
influence  the  first  year ;  with  oats  and  sugar  beets  an  increase 
is  noted,  but  this  is  slight  when  compared  with  that  from 
blood  and  nitrate  of  soda."  In  a  later  publication  Peter- 
mann says  that  in  his  experiments  from  1880  to  1885  the 
various  forms  of  nitrogen  have  shown  the  following  relative 
worth:  1,  nitrate  of  soda;  2,  blood;  3,  dissolved  wool;  4, 
ground  bone ;  5,  raw  wool ;  6,  leather. 

Deherain  *  gives  the  results  of  the  following  experiments 
conducted  in  the  field  at  Grignon  with  ground  leather.  The 
results  with  wheat  in  1880  and  1881  show  the  residual  effect 
of  the  leather  applied  to  potatoes  in  1879  :  — 


•  Chimis  AgricoU  (1892),  619. 
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Potatoes. 

Wheat. 

1870. 

HectoUtres. 

1990. 

Straw 
(Qtm.). 

1991. 

Grain 
(Qtm.). 

1991. 

Straw 
(Qtm.). 

Unfertilized,    . 

224 

25.0 

87.25 

16.4 

20.6 

Leaflier,  2,000  kilos.,      . 

295 

27.6 

40.00 

23.4 

88.7 

Leather,  1,000  kilos.,      . 

277 

25.0 

38.00 

23.0 

37.6 

Deherain  remarks  that  his  experiments  make  it  clear  that 
the  leather  yields  its  nitrogen  very  slowly.  He  does  not 
state  whether  the  leather  used  had  been  steamed,  roasted  or 
was  untreated. 

Miintz  f  and  Girard,  in  connection  with  their  experiments ' 
on  the  nitrification  of  various  nitrogen-containing  organic 
substances,  carried  out  also  a  series  of  field  experiments 
with  various  nitrogenous  materials.  Each  plat  had  an  area 
of  one  are  and  received  1.25  kilos,  of  nitrogen  the  first  year, 
together  with  the  necessary  quantity  of  phosphoric  acid  and 
potash.  No  manure  was  applied  the  second  year.  The 
soil  was  light  and  sandy,  being  quite  favorable  to  nitri- 
fication. The  plats  were  planted  with  fodder  corn  during 
both  years. 

Fodder  Corn  grown  upon  One  Are  {Dry  Matter), 


FORM  OF  NITROGEN. 


1999. 

Kllot. 


1990. 

KUos. 


Avorago  of 
Both  Years. 


Nitrate  of  soda, 
Dried  blood, 
Roasted  horn. 
Roasted  leather, 
No  nitrogen, 


143 

130 

123 

91 

•59 


47 
48 
62 
61 
43 


190 
178 
175 
152 
102 


The  above  results  show  that  leather,  even  when  roasted, 
is  quite  inferior  in  its  action  to  dried  blood  and  nitrate  of 
soda. 

•  Qtm.  (quintal  metrique)  =  100  kilograms. 

t  Ann.  Agron.,  17,  289-304 ;  Biedermann*8  Centralblatt,  SO,  656. 
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Marcker  *  gives  the  following  results  obtained  by  Seyffert, 
at  Halle,  with  cole-rape :  — 


FORM  OF  NITROOEy. 


TIeld  In  Grmait. 


No  nitrogen, 

Leather, 

Steamed  bone  meal. 

Blood, . 

Nitrate  of  soda,   . 


75.5 

469.0 
1,572.0 
1.654.0 
2,607.6 


In  order  to  control  the  above  experiment  another  test  was 
carried  out  with  oats  by  Julius  Albert-Mtinchenhof :  — 


Yield, 


FORM  OF  NITROGEN. 

Grain 
(Oranu). 

straw 
(GramB). 

Roots 
(Grams). 

Total 
(Onmii). 

No  nitrogen, 

5.2 

15.7 

14.3 

38.2 

Nitrate  of  soda,       .... 

48.9 

62.6 

27.9 

139.4 

Dried  blood, 

24.8 

44.5 

18.5 

87.8 

Leather, 

13.3 

22,2 

13.6 

49.1 

Leather,  fermented, 

21.5 

36.4 

17.2 

75.1 

Marcker  remarks  that  leather  produced  but  a  slight 
increase  over  the  unfertilized,  and  that  the  quality  of  the 
grain  was  poorest  when  no  nitrogen  was  used,  or  when 
leather  was  applied. 

Dr.  Wm.  Frear  very  concisely  presents  the  work  done  by 
Storer  f  as  follows :  — 

Storer  tested  the  manurial  value  of  sheepskin  and  sole- 
leather,  raw  and  roasted,  on  several  soils  in  pots,  applying 
various  phosphatic  and  potassic  salts  in  solution.     The  crop 


•  Jahresbericht  Agr.  Chemie,  1883,  241. 
t  Bulletin  Bussey  Institution,  2,  58-71. 
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used  was  buckwheat.     The  results  were  as  follows  (expressed 
in  weight  of  total  crop  in  grams) :  — 


With 
Rain. 

With 
Sulphate 

With 
Phosphate 

WithPhos 

phate  of 

Potash  and 

water. 

of 
Potash. 

of 
Potash. 

Nitrate  of 
Lime. 

No  leather  used:  — 

In  Berkshire  sand,         .... 

.200 

.200 

.155 

.665* 

In  Provincetown  sand 

.170 

- 

.165 

8.060 

In  loam  and  sand 

.270 

- 

.180 

5.880 

Raw  sheepskin  (20) : — 

In  Berkshire  sand  (1.300),     .       .       . 

.100 

.180 

.055 

.640* 

In  Provlncetown  sand  (1,450),    '. 

.080 

- 

.100 

1.400 

In  loam  and  sand  (1,820),      .       .       . 

.170 

- 

.120 

4.020 

Baw  sole-leather  (40) :  - 

In  Berkshire  sand  (1,800),     . 

.110 

.115 

.120 

.280 

In  Provincetown  sand  (1,450), 

.120 

- 

.110 

2.820 

In  loam  and  sand  (1,820),      . 

.130 

- 

.150 

8.720 

Roasted  sheepskin  (20):  — 

In  Berkshire  sand  (1,800),     . 

.105 

.100 

.060 

.250 

In  Provlncetown  sand  (1,450), 

.260* 

- 

.470* 

.346  ♦ 

Id  loam  and  sand  (1,320), 

.850 

- 

.700 

8.060 

Roasted  sole-Ieather  (40) :  — 

In  Berkshire  sand  (1,300),     . 

.220* 

.280 

.210* 

.360* 

In  Provlncetown  sand  (1,460), 

.910 

- 

1.750 

8.120 

In  loam  and  sand  (1,820), 

2.120 

- 

1.980 

4.785 

*  Immature  when  harvested. 


Storer  says :  ''It  will  be  seen  plainly  enough  that,  while 
neither  the  sheepskin  nor  the  sole-leather  supplied  any  ni- 
trogenous food  to  the  buckwheat  plants,  some  nitrogen  was 
unquestionably  obtained  by  the  plants  from  the  roasted 
leathers,  a  little  from  the  roasted  sheepskin  and  a  decidedly 
larger  amount  from  the  roasted  sole-leather.  ...  In  all 
cases  the  light,  bulky  material  tended  to  interfere  with  the 
growth  of  the  plants.  The  roasted-leather  jars  exhibited  a 
marked  growth  of  fungus,  the  raw-leather  jars  showed  none, 
corroborating  the  evidence  as  to  the  existence  of  available 
products  in  the  roasted  leather.     There  is  but  little  in  the 
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results   above  given  to  encourage  the  belief  that  roasted 
leather  can  have  any  definite  money  value  as  a  manure." 

Wagner  *  has  made  an  exhaustive  study  of  the  value  of 
different  forms  of  nitrogen,  having  conducted  366  plat  and 
pot  experiments.  The  experiments  were  carried  on  for 
several  successive  years  in  a  soil  rich  enough  in  lime  to 
favor  nitrification,  and  every  effort  was  made  to  have  the 
conditions  equal  in  all  cases.  But  a  very  brief  resume  can 
be  given  at  this  time.  One  experiment  was  conducted  for 
three  successive  years  upon  small  plats  of  soil.  Summer 
rye  was  planted  the  first  year,  summer  wheat  the  second  and 
carrots  the  third  year.  Placing  the  value  of  the  returns 
from  the  nitrate  of  soda  plats  at  100,  the  other  forms  of 
nitrogen  had  the  following  relative  worth :  — 


Nitrate  of  soda,  . 

Blood, 

Fish,    . 

Steamed  bone  meal, 

Leather, 


100 
67 
51 
42 
13 


Average 

First  and 

Second  Yean. 


100 

67 
59 
53 
12 


Average 
Three  Years. 


100 
69 
64 
61 
20 


Experiments  were  also  conducted  in  pots  with  various 
soils,  but  the  results  cannot  be  noticed  here. 

In  concluding  his  remarks  relative  to  this  subject  Wagner 
says :  — 

When  I  take  all  things  into  consideration,  ...  I  think  I 
may  present  the  following  figures  as  an  expression  of  the  rela- 
tive value  of  nitrogen  in  different  forms  of  nitrogen-containing 
material :  — 

Nitrate  of  soda, 100 

Sulphate  of  ammonia, 90 

Blood,  horn  meal  and  green  crops, 70 

Fine-ground  bone,  fish  and  tankage, 60 

Stable  manure, 45 

Wool  dust, 80 

Leather, 20 

•  Die  StickBtoff-dQngang,  etc.,  page  255. 
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So  far  as  the  writer  has  been  able  to  ascertain,  Wagner 
^oes  not  state  the  form  of  the  leather  used. 

Taking  the  price  of  nitrogen  in  nitrate  of  soda  at  14.8 
cents,  a  pound  of  nitrogen  in  stable  manure  would  be  worth 
6.7  cents  and  in  leather  2.8  cents. 

B.    Artificial  Digestion  Experihents  with  Leather. 

Stutzer  and  Klinkenberg  were  the  first  to  propose  this 
method.  They  argued  that  the  amount  of  nitrogenous 
material  that  could  be  dissolved  or  digested  would  give  a 
fairly  correct  idea  of  the  value  of  the  substance  as  a  source 
of  nitrogen  for  growing  plants.  They  prepared  the  diges- 
tive fluid  by  extracting  the  inner  lining  of  a  pig's  stomach, 
cut  fine,  with  five  litres  of  0.2  per  cent,  hydrochloric  acid 
for  two  days,  filtering  the  solution,  and  preserving  in  glass- 
stoppered  bottles,  adding  a  few  grams  of  salicylic  acid  to 
prevent  fermentation.  They  submitted  a  variety  of  materials 
to  the  action  of  this  solution.  A  few  results  are  given 
below :  — 


Per  Cent 

of  Nitrogen 

digested. 


Blood, 

Leather  (cooked,  and  then,  roasted). 

Raw  bone, 

Steamed  bone,         .... 


89.76 
39.19 
98.70 
90.60 


Drs.  Shepard  and  Chazal  *  afterwards  submitted  a  great 
variety  of  nitrogen-containing  materials  to  the  action  of 
Stutzer's  solution.  Several  of  the  results  obtained  are  pre- 
sented below :  — 

Per  Cent,  of  Nitrogen 
digested. 

Roaflted  leather  meal,t 37.80 

Dried  blood  (black), 78.61 

Fish  scrap, 88.67 

•  See  Report  of  Connecticut  Experiment  Station,  1885,  page  117. 

t  The  authors  remark  that  '<  this  prepared  leather  was  an  excellent  article,  so  far 
as  preparation  goes,  and  one  capable  of  being  used  in  the  fertilizer  trade  without 
much  fear  of  detection." 
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Johnson,  Famngton  and  Winton,*  instead  of  using  Stut^ 
zer's  solution,  dissolved  5  gi'ams  of  Golden  Scale  Pepsin  in 
1,000  cubic  centimeters  of  0.2  per  cent,  hydrochloric  acid, 
and  digested  a  variety  of  substances  in  this  fluid.  Their  in- 
vestigation is  the  most  valuable  we  possess  in  this  direction. 
A  few  of  their  results  may  be  cited :  — 

Per  Cent,  of  Nitrogea 
dlfrested. 

Dried  blood  (two  samples), 97.30 

Diy  ground  fish, 71.20 

Leather  No  3,t 23.40 

Leather  treated  by  benzine  process.  .  .  .35.90 
Leather  treated  by  superheated  steam,  .  .  .33.30 
Mixed  fertilizer  A,  containing  2.02  per  cent,  leather 

nitrogen, 23.40 

Mixed  fertilizer  B, containing  2.00  percent,  leather 

nitrogen  and  1.75  per  cent,  blood  nitrogen,  .        .55.60 

In  this  connection  it  mi^jht  be  in  place  to  mention  the  ex- 
periments recorded  on  the  putrefaction  of  ammoniates,  at 
first  suggested  by  A.  Morgen.J  He  put  leather  and  horn 
meal  in  water  to  which  a  small  amount  of  fecal  extract  had 
been  added,  and  then  allowed  the  solution  to  stand  for  thirty- 
one  days  at  30°  C.  The  nitrogen  made  soluble  was  then 
estimated :  — 

In  Experiment  I.,  10  grams  material  -f-  1*000  cubic  centimeters  water 
were  used. 

In  Experiment  IT.,  6  grams  material  -|- 1,000  cubic  centimeters  water 
-|-  5  cubic  centimeters  fecal  extract. 

In  Experiment  III.  the  same,  with  10  grams  material  -\-  6  cubic  centi- 
meters fecal  extract. 

Per  Cent  of 
Soluble  Nitrogen. 

Leather  meal,  average  of  three  experiments,     .        .        34.56 
Horn  meal,  average  of  three  experiments,         .        .        61.62 

Johnson  *  repeated  Morgen's  work  on  a  very  large  number 
of  substances ;  a  few  of  the  results  are  given  below.  He 
allowed  his  solution  to  stand  two  weeks :  — 

•  Loc.  eit. 

t  Fine  and  brittle,  but  method  of  preparation  not  known. 

t  Landw.  Vers.  Stat.,  1880,  so  j  Biedermann's  Centralblatt,  9,  801. 
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Per  Cent.  Nttrogen 
Soluble. 

Blood, 76.80 

Fish, 78.10 

Fish. 64.60 

Bone, 79.00 

Leather  No.  3, 12.20 

Steamed  leather, 42.80 

"  Prepared  ammoniate  "  (probably  leather) ,     .        .  35.70 

Johnson  remarks  that  **  this  test  of  putrefaction  draws  the 
same  line  between  those  classes  of  ammoniates  that  was 
drawn  by  the  pepsin  digestion." 

C.    Nitrification  Experiments  with  Leather. 

These  experiments  were  carried  out  by  MUntz  and  Girard  * 
with  quite  a  number  of  nitrogen-containing  substances » 
They  were  conducted  in  the  laboratory,  and  care  was  taken 
to  see  that  the  soil  was  properly  aired,  and  that  moisture, 
temperature,  etc.,  were  favorable  to  the  experiment.  Ordi- 
nary soil  was  at  first  used,  the  amount  of  nitrates  present 
being  carefully  noted,  and  a  small  amount  of  the  substances 
to  be  nitrified  then  added.  After  a  certain  time  the  nitrates 
were  washed  out  with  water  and  estimated.  A  very  short 
resume  is  here  presented  :  — 


Nitrogen  NUrifiecU  per  100  Paris  of  Nitrogen  added  to  the  Soil. 


I. 

Thirty  Days. 

11. 

Thirty-nine 
Days. 

in. 

Thirtv-two 
Days. 

Sulphate  of  ammonia. 

75.00 

83.76 

83.76 

Dried  blood 

72.44 

78.56 

84.50 

Roasted  horn, 

71.03 

73.17 

46.82 

Roasted  leather,         .... 

11,62 

16.47 

13.26 

In  order  to  study  the  influence  of  diffci-ent  kinds  of  soil 
upon  the  process  of  nitrification,  the  experiment  was  re- 
peated with  soils  from  various  sections  of  the  country  :  — 


•  Ann.  Agron.,  17,  290;  Agric.  Science,  7,  408-412. 
page  621. 


Deherain,  Chimie  Agricolcy 
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Nitric  Nitrogen  found  in  Different  Soils  within 

a  Certain 

Time, 

Light  Sou 

of  JoInvUle 

(Grams;. 

Chalky  SoU 
(Grama). 

Garden 

Earth 

(Grams). 

Very  Heavy 

Limey  Clay 

(Grams). 

Marsh  Soa« 

Soar, 
Bretafnie 
(Grams). 

Sulphate  of  ammonia. 
Blood.       .        .        . 
Roasted  hom,  . 
Roasted  leather, 

2.69 

1.62 

1.22 

.41 

1.78 

.73 

.24 

1.08 
.55 

.510 
.036 
.029 
.036 

None. 

u 
u 
it 

These  experiments  in  general  coincide  with  field  and  pot 
experiments  as  well  as  with  artificial  digestion  experiments. 
It  is  worthy  of  note  that  the  light  sandy  soil  was  most  favor- 
able to  the  process  of  nitrification,  while  the  very  heavy  clay, 
and  especially  the  sour  marshy  soil,  was  decidedly  unfiavor- 
able  to  the  action  of  nitrifying  organisms. 


//.     Investigations  concerning  the  Value  of  Leather  Refuse 
made  cU  this  Station. 

1.     Can  Leather  he  identified  in  Fertilizer  Mixtures? 

If  one  were  to  depend  upon  the  microscope,  it  would 
<jertainly  be  an  impossibility  to  recognize  leather  in  finely 
ground  fertilizer  mixtures.  Even  if  material  of  a  fibrous 
structure  were  detected  it  would  be  nothing  strange,  for  all 
flesh  presents  such  a  structure.  After  leather  has  been  sub- 
mitted to  heat  or  pressure  all  structure  is  destroyed.  Able 
microscopists,  who  have  attempted  to  identify  the  leather 
under  the  microscope,  report  it  an  impossibility. 

With  chemical  reagents  one  is  more  successful.  At  least, 
tannic  or  gallic  acids,  from  their  well-known  reaction  with 
An  iron  salt,  are  easily  recognized ;  and,  while  one  perhaps 
could  not  positively  declare  that  the  tannic  or  gallic  acids 
present  were  derived  from  leather,  it  certainly  would  be 
highly  probable. 

Dr.  C.  W.  Dabney,*  when  director  of  the  North  Carolina 

*  North  Carolina  Experiment  Station  Bulletin,  No.  3,  1883 :  Hom,  Leather  and 
Wool  Waste. 
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Experiment  Station,  published  a  bulletin  in  which  he  sug- 
gests that  the  best  reagent  for  recognizing  the  tannic  acid  is 
a  phosphoric  acid  solution  of  phosphate  of  iron.  He  states 
that,  if  leather  be  present  in  the  substance  examined,  a 
purple  color  will  soon  appear  if  a  few  drops  of  this  solution 
be  added  to  the  alkaline  solution  of  the  leather  extract.  The 
phosphoric  acid  solution  of  phosphate  of  iron  was  prepared 
as  follows :  ten  grams  of  ferric  chloride  were  dissolved  in 
water,  and  sodium  phosphate  added  till  all  the  iron  was 
precipitated  as  phosphate  of  iron.  The  phosphate  of  iron 
must  be  freshly  prepared,  otherwise  it  will  dissolve  slowly, 
if  at  all.  The  phosphate  of  iron  was  filtered  and  washed 
quite  thoroughly  with  water,  and  both  filter  and  precipitate 
brought  into  a  beaker  containing  400  cubic  centimeters  of 
water,  to  which  had  been  added  40  grams  of  glacial  phos- 
phoric acid.  A  gentle  heat  dissolves  the  iron  phosphate 
quite  readily. 

If  a  drop  of  pyrogallic  acid  is  added  to  water,  the  solution 
made  slightly  alkaline  with  ammonia  and  then  a  cubic  cen- 
timeter of  the  iron  phosphate  solution  added,  a  dark  purple 
color  appears.  If  tannic  acid  is  substituted  for  the  pyro- 
gallic acid,  a  dark  wine  color  results.  In  order  to  recog- 
nize leather  in  a. mixture,  a  small  amount  (one  gram)  of  the 
substance  supposed  to  contain  it  is  placed  in  a  beaker  with 
30-40  cubic  centimeters  of  water,  a  few  drops  of  sulphuric 
acid  added,  the  liquid  brought  to  boiling,  filtered,  a  little  of 
the  iron  phosphate  solution  added,  and  the  solution  then 
made  slightly  alkaline  with  ammonia.  If  leather  is  present, 
a  dark  purple  to  wine  color  will  soon  appear. 

Should  leather  be  present  in  a  mixed  fertilizer  containing^ 
soluble  phosphate  of  lime,  the  latter  will  of  course  be  pre- 
cipitated on  the  addition  of  ammonia,  but  this  in  no  way 
interferes  with  the  color  reaction.  The  writer  examined 
during  the  summer  of  1893  quite  a  number  of  fertilizers 
oflBicially  collected  in  Massachusetts,  but  in  no  case  was 
leather  to  be  detected.  When,  however,  ten  per  cent,  of 
leather  was  added  to  a  mixed  fertilizer,  and  then  tested 
with  the  phosphate  of  iron  solution,  the  dark  color,  due 
to  the  presence  of  tannic  or  gallic  acids,  very  distinctly 
appeared. 
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During  the  early  summer  of  1893  several  samples  of 
leather  were  received  at  the  station.  It  was  stated  that 
large  quantities  of  the  material  were  on  the  market,  and  one 
could  surmise,  at  least,  that  it  might  be  used  as  a  source 
of  nitrogen  in  the  manufacture  of  commercial  fertilizers, 
organic  nitrogen  at  the  time  being  quite  high  in  price.  It 
was  thought  wise  to  submit  the  samples  to  several  tests, 
and,  for  the  sake  of  comparison,  pure  sole'-leather,  o1)tained 
by  the  writer  at  the  cobbler's,  and  dried  blood  were  also 
included. 

Description  of  the  Samples. 

I.  Sole-leather.  — This  leather  was  ground  fine  for  future 
tests.  Under  the  microscope  it  showed  a  distinct  fibrous 
structure.  It  contained  2.76  per  cent,  of  fat  and  7.94  per 
cent,  of  nitrogen. 

//.  Steamed  Leather.  —  Some  of  the  finely  ground  leather 
was  placed  in  pressure  bottles,  water  added,  and  heated  for 
six  hours  at  110  °  C.  The  leather  was  virtually  subjected  to 
three  atmospheres  of  steam  pressure.  After  treatment  it 
had  become  very  dark  in  color,  and  appeared  as  a  jelly- 
like, amorphous  mass.  The  microscope  showed  it  to  be 
devoid  of  any  fibrous  structure.  The  tannic  or  gallic  acids 
were  still  easily  recognized,  showing  that  they  had  not  been 
destroyed  by  the  heat  and  pressure.  When  dry  it  became 
quite  brittle,  crumbling  easily. 

///.  Coarse  Leather  sent  to  the  Station. — This  leather 
came  in  pieces,  from  the  size  of  a  walnut  to  that  of  a  small 
hen's  egg.  It  contained  37.47  per  cent,  of  fat  and  4.52  per 
cent,  of  nitrogen.  The  large  amount  of  fat  completely  con- 
cealed its  stricture. 

IV.  Philadelphia  Tankage. — The  sample  was  very 
finely  ground  and  quite  dry.  It  contained  1.95  per  cent,  of 
fat,  7.80  per  cent,  of  nitrogen  and  traces  only  of  phosphoric 
acid.  Its  smell  and  general  appearance  indicated  clearly 
that  it  was  leather  that  had  been  roasted  or  steamed.  To 
the  eye  it  appeared  to  be  lacking  in  fibrous  structure,  and 
with  the  microscope  it  appeared  simply  as  a  gelatinous  mass. 

V.  Dried  Blood.  —  It  was  an  excellent  sample,  contain- 
ing 12.71  per  cent,  of  nitrogen  and  .64  per  cent,  of  fat. 
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2,    Artificial  Digestion  of  Different  Leathers. 

The  artificial  digestion  of  the  substances  above  descril)ed 
was  carried  out  according  to  Stutzer's  method.  In  the  first 
series  of  trials  both  the  pepsin  and  pancreas  solutions  were 
used.  The  preparation  of  the  pepsin  solution  has  already 
been  described. 

The  pancreas  solution  was  prepared  by  taking  the  fresh 
pancreas  of  an  ox,  cutting  it  fine,  mixing  it  with  sand  and 
allowing  it  to  stand  twenty-four  to  thirty-six  hours  exposed 
to  the  air.  It  was  then  rubbed  with  lime  water  and  glycerine 
(to  every  1,000  grams  of  the  pancreas-sand  mixture  use  3 
litres  of  lime  water  and  1  litre  of  glycerine  of  1.23  specific 
gravity) ,  and  the  resulting  fluid  allowed  to  stand  with  occa- 
sional stirring  for  five  days.  It  was  then  fiJitered  through 
cloth  to  remove  the  coarse  portions,  heated  to  40°  C.  for 
two  hours,  and  finally  filtered  through  folded  filters  and  pre- 
served in  bottles.  To  prepare  the  pancreas  solution  used  in 
the  process  of  digestion,  250  cubic  centimeters  of  the  above- 
described  solution  were  mixed  with  750  cubic  centimeters  of 
soda  solution.  The  soda  solution  contained  5  gi'ams  of  car- 
bonate of  soda  dissolved  in  750  cubic  centimeters  of  water. 
The  pancreas  solution  thus  prepared  was  heated  for  one  to 
two  hours  at  37^-40°  C,  filtered  to  remove  any  flocky  pre- 
cipitate, and  100  cubic  centimeters  used  for  each  test. 

The  results  of  the  pepsin-pancreas  digestion  were  as 
follows :  — 

Percent,  of  Nitro- 
gen digested. 

I.    Sole-leather  finely  ground 80.98 

n.    Same  leather  after  being  heated  six  hours  at  110° 

C.  in  pressure  bottles  with  water,  .        .    97 .  23 

in.    Coarse  leather  (free  from  fat),  .62.00 

IV.    Philadelphia  tankage, 90.64 

V.    Dried  blood, 99.13 

The  above  results  are  all  very  high,  but  this  is  not  sur- 
prising, for  the  action  of  dilute  alkalies  on  leather  is  well 
known  and  has  been  several  times  referred  to.  In  the  pres- 
ent case,  after  the  various  leathers  had  been  submitted  to 
the  pepsin  digestion  there  appeared  to  be  no  very  great 
•change  either  in  their  apjoearance  or  bulk.     Blood,  on  the 
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other  hand,  was  nearly  all  dissolved  by  the  pepsin  solution. 
As  soon,  however,  as  the  leathers  were  submitted  to  the  ac- 
tion of  the  pancreas  solution  a  decided  change  was  noted ; 
the  solution  became  quite  dark  in  color  and  the  larger  part 
of  the  leather  went  into  solution.  While  this  method  indi- 
cated a  greater  availability  on  the  part  of  the  sole-leather 
after  it  had  been  8vbmitted  to  steam  pressure^  it  nevertheless 
did  not  give  a  correct  idea  of  the  digestibility  and  conse- 
quent availability  of  the  leather  when  compared  with  the 
dried  blood. 

The  substances  were  therefore  submitted  to  the  action  of 
the  pepsin  solution  alone,  with  results  as  follows :  — 

Percentage  Dlg<estl- 
bility  of  Xitroireii. 

I.  Sole-leather, 13.70 

n.  Sole-leather  after  steam  pressure,  .  .        .34.40 

ni.  Coarse  leather, 

IV.  Philadelphia  tankage, 42.30 

V.  Dried  blood, 97.80 

These  results  coincide  very  closely  with  those  obtained  by 
other  investigators.  The  sole-leather  itself  proved  very  in- 
digestible. It  is  possible  that  it  might  have  proved  sonie- 
what  less  so  if  no  hydrochloric  acid  had  been  added  during 
the  digestion.*  The  sole-leather  after  being  subjected  to  the 
action  of  the  steam  pressure  had  a  digestibility  of  34.40  per 
cent.,  which  coincides  with  results  obtained  by  others  for 
prepared  leather,  as  the  following  samples  show :  — 

Percentage  of  Nitro- 
gen digested. 

Leather  cooked  and  roasted  (Stutzer) 39.19 

Roasted  leather  meal  (Shepard  and  Chazal),  .  .37.80 
Leather  by  benzine  process  (Johnson),  .  .  .  .35.90 
Leather  by  superheated  steam  (Johnson),      .        .        .33.30 

While,  then,  the  action  of  steam  and  heat  renders  the 
leather  somewhat  more  digestible  and  probably  more  avail- 
able in  the  soil,  it  still  has  a  digestibility  below  50  per  cent. 
Only  the  very  poorest  kinds  of  animal  matter  reach  this  low 
figure  (50).  The  so-called  Philadelphia  tankage  was  also 
below  50  per  cent,  digestible,  and  may  be  classified  with 

*  Connecticut  Experiment  Station,  1886,  page  122. 
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the  steamed  or  roasted  leathers  as  regards  its  value.  It  is 
to  be  noted,  as  before  mentioQed,  that  the  dried  blood  was 
nearly  all  digested  by  the  action  of  the  pepsin  solution,  and 
may  be  regarded  as  a  very  excellent  standard  with  which  to 
compare  the  various  leathers. 

OenercU  Conclusions  relative  to  Baw^  Roasted  or  Steamed  Leather^ 

The  results  of  the  combined  experiments  in  the  field  and 
in  pots,  together  with  artificial  digestion  experiments,  and 
nitrification  experiments,  indicate  that  leather,  either  raw, 
roasted  or  steamed,  is  a  very  slow-acting  form  of  nitrogen  as 
a  source  of  plant  food.  It  certainly  would  be  fraudulent  to 
seU  it  in  mixed  fertilizers  as  a  source  of  organic  nitrogen,  and 
the  Massachusetts  fertilizer  law  distinctly  forbids  it  to  be  thus 
utilized.  Carefully  conducted  experiments  by  Wagner  give 
it  a  relative  value  of  twenty,  nitrate  of  soda  being  equal  to 
one  hundred.  From  the  mass  of  evidence  at  our  command 
it  would  seem  that  this  figure  about  expresses  its  relative 
worth  as  a  direct  source  of  plant  food.  If  it  is  offered  for 
sale  as  a  fertilizer,  it  should  be  sold  as  leather.  When  nitro- 
gen in  organic  matter  has  a  value  of  sixteen  to  eighteen 
cents  per  pound,  nitrogen  in  raw,  steamed  or  roasted  leather 
should  be  worth  but  three  to  six  cents  per  pound. 

3.    Action  of  Sulphuric  Acid  on  Leather. 

Deherain  and  others  suggest  that  if  leather  be  dissolved  in 
sulphuric  acid  its  nitrogen  will  be  made  as  valuable  as  that 
in  any  form  of  animal  matter.  No  experiments,  however, 
are  brought  forward  to  prove  such  a  statement,  but  it  is 
generally  understood  that  many  European  manufacturers 
thus  turn  leather  waste  to  account.  In  order  to  study  this 
question  more  closely  a  number  of  experiments  were  carried 
out  by  the  writer,  a  few  of  which  are  presented  below :  — 

Experiment  L  —  Sixty-five  grams  of  60°  B.  sulphuric 
acid  were  heated  in  a  porcelain  dish  over  a  water  bath  of 
about  90°  C,  and  12  grams  of  leather  gradually  added.  A 
dark,  thick  fluid  resulted.  Thirty  cubic  centimeters  of  water 
were  then  added  to  dilute  the  thick  fluid  somewhat,  and  bone 
ash  was  employed  to  dry  off  the  resulting  semi-fluid  mass. 
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One  handred  and  thirty-six  grams  of  superphosphate  were 
obtained^  which  gave  no  tannic  acid  reaction. 

Experiment  JL  — To  30  grams  of  50^  B.  sulphuric  acid, 
heated  as  above  described,  were  added  12  grams  of  leather. 
A  dark,  thick  paste  was  obtained,  to  which  were  added 
25  cubio  centimeters  of  water  and  33  grams  of  bone  ash. 
Seventy-three  grams  of  superphosphate  were  obtained. 
The  reaction  of  tannic  acid  was  not  strong. 

Analyses  of  the  two  products  were  made  as  follows :  — 


I. 

Per  Cent. 

Percent. 

Moisture, 

18.08 

15.59 

Soluble  phosphoric  acid, 

14.84 

11.80 

Reverted  phosphoric  acid, 

.69 

1.50 

Insoluble  phosphoric  acid, 

1.43 

3.88 

Total  phosphoric  acid, 

16.96 

16.68 

Nitrogen, 

.70 

1.20 

Experiments  ITLy  IV.  ^  F.,  VL  — The  previously  described 
Philadelphia  tankage  was  used  in  these  experiments,  and 
South  Carolina  floats  in  place  of  bone  ash.  The  objects  in 
view  were  to  see  (a)  how  much  leather  could  be  used  with- 
out giving  a  tannic  acid  reaction,  (6)  to  note,  if  possible,  to 
what  extent  the  leather  interfered  with  the  action  of  the  sul- 
phuric acid  upon  the  floats,  (c)  to  notice  the  approximate 
percentage  of  available  phosphoric  acid  and  nitrogen  result^ 
ing,  {d)  to  see  if  any  nitrogen  in  the  resulting  superphos- 
phates was  soluble  in  water,  (e)  to  note  the  amount  of  nitro- 
gen in  the  supei-phosphate  artificially  digestible  by  Stutzer's 
solution.  To  make  this  latter  estimation  (a),  5  grams  of 
superphosphate  were  stirred  with  water,  filtered,  and  washed 
till  the  wash  water  was  no  longer  acid.  The  portion  not 
soluble  in  water  was  treated  with  pepsin  solution. 

Experiment  III.  — To  30  gi*ams  of  50^  B.  sulphuric  acid, 
after  heating,  previously  described,  were  added  12  grams  of 
Philadelphia  tankage.     A  thick,  black  dough  resulted.     It 
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was  diluted  with  25  cubic  centimeters  of  water,  appearing 
then  as  a  thick,  black  fluid.  To  this  fluid  were  added  60 
grams  of  floats.  The  resulting  superphosphate,  after  drying 
in  the  air  for  twenty-four  hours,  weighed  102  grams.  The 
tannic  acid  reaction  was  quite  strong, 

Experiment  JV.  —  To  30  grams  of  50°  B.  acid  were  added 
25  cubic  centimeters  of  water  and  70  grams  of  floats.  The 
dry  superphosphate  weighed  101.5  grams. 

Experiment  V.  — To  30  grams  of  50°  B.  acid  were  added 
9  grams  of  Philadelphia  tankage,  which  resulted  in  a  medium 
thick  paste.  Twenty  cubic  centimeters  of  water  and  48.5 
grams  of  floats  were  afterwards  added.  The  dry  superphos- 
phate weighed  88  grams,  and  gave  no  tannic  acid  reaction. 

Experiment  VL  —  To  30  grams  of  40°  B.  acid  9  grams 
of  Philadelphia  tankage  were  added,  resulting  in  a  medium 
thick  paste.  This  paste  was  diluted  with  20  cubic  centi- 
meters of  water,  and  50  grams  of  floats  were  put  in. 
Seventy-nine  grams  of  superphosphate  were  obtained,  which 
gave  a  strong  tannic  acid  reaction. 

These  several  products  were  analyzed :  — 


ni. 

Per  Cent 

IV. 
Per  Cent. 

V. 

Per  Cent. 

vr. 

Per  Cent. 

Moisture, 

14.14 

14.18 

14.86 

_ 

Soluble  phosphoric  acid, 

6.78 

7.80 

7.80 

- 

Beverted  phosphoric  acid,     . 

1.22 

1.60 

.44 

- 

Insoluble  phosphoric  acid,    . 

6.60 

6.66 

4.94 

- 

Total  phosphoric  acid,  . 

18.60 

16.66 

13.18 

- 

Total  nitrogen,       .        .        .        . 
Nitrogen  after  artificial  digestion, 
Per  cent,  of  total  nitrogen  digested. 

.81 

.87 

64.00 

- 

.87 

.26 

71.00 

1.08 

.41 

60.00 

Soluble  nitrogen,  .... 

trace 

- 

trace 

— 

It  would  appear  that  9  grams  of  leather  were  all  that 
could  be  added  to  30  grams  of  sulphuric  acid  without  getting 
the  tannic-acid  reaction.  When,  as  in  Experiment  HI.,  12 
grams  of  leather  were  added,  the  reaction  for  tannic  acid  was 
quite  marked,  and  the  nitrogen  in  the  superphosphate  had  a 
digestibility  of  but  54  per  cent.  Experiment  VI.  indicates 
that  40^  B.  sulphuric  acid  was  not  quite  strong  enough  to 
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thoroughly  disintegrate  the  9  grams  of  leather,  for  the  tan- 
nic acid  in  the  superphosphate  was  easily  recognized,  and 
the  nitrogen  was  but  60  per  cent,  digestible.  When  9  grams 
of  the  Philadelphia  tankage  were  dissolved  in  30  grams  of 
50^  B.  acid,  no  tannic  acid  could  be  recognized,  and  70  per 
cent,  of  the  total  nitrogen  was  digestible.  This  is  probably 
the  average  percentage  of  organic  nitrogen  that  would  be 
found  digestible  in  mixed  fertilizer,  as  offered  for  sale  in  our 
markets.  Such  a  result  is  quite  encouraging.  It  would 
seem  from  the  analysis  of  lY.  that  the  leather  had  not  seri- 
ously interfered  with  the  action  of  the  sulphuric  acid  upon 
the  floats.  We  have  in  the  four  experiments  above  cited 
added  rather  too  much  phosphate  rock  and  water,  and  in  the 
two  following  experiments  less  were  added. 

ExperimerU  VIL  — To  30  grams  of  50^  B.  acid  9  grams 
of  Philadelphia  tankage  were  added,  and  then  12  cubic  cen- 
timeters of  water.  To  the  thick  fluid  resulting  41  grams  of 
floats  were  added.  After  standing  twenty-four  hours  the 
material  could  be  easily  handled,  and  weighed  71.5  grams. 

Experiment  VIIL  —  To  30  grams  of  b(P  B.  acid  9  grams 
of  Philadelphia  tankage  were  added,  producing  a  thick, 
pasty  mass.  Without  the  addition  of  water  28  grams  of 
floats  were  stirred  in,  and  after  twenty-four  hours  the  mass 
weighed  63  grams.  The  phosphate  was  quite  black  in  color 
and  sticky.  It  needed  at  least  5  to  7  grams  more  floats 
before  it  could  be  easily  handled.  It  was  plain  that  the  sul- 
phuric acid  was  not  all  neutralized.  If  no  water  were  added 
to  dilute  the  thick,  pasty  mass,  it  would  be  very  difficult  to 
work  in  the  floats  should  large  quantities  be  mixed. 

Analyses. 


VII. 

vm. 

Percent. 

Percent. 

Moisture, ,  . 

17.96 

16.95 

Soluble  phosphoric  acid, 

6.79 

5.99 

Reverted  phosphoric  acid, 

2.16 

1.62 

Insoluble  phosphoric  acid, 

1.94 

1.56 

Total  phosphoric  acid, 

10.89 

9.17 

Total  nitrogen, r        • 

.90 

1.06 
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In  Experiment  VII.  8.95  per  cent,  of  available  phosphoric 
acid  was  obtained,  with  but  1.94  per  cent,  of  insoluble  acid 
and  .90  per  cent,  of  nitrogen;  the  phosphate  was  also  in 
good  mechanical  condition  and  gave  no  tannic-acid  reaction. 
The  proportions  of  water,  sulphuric  acid,  floats  and  leather 
appear  to  be  about  correct,  and  the  percentages  of  available 
phosphoric  acid  and  nitrogen  as  high  as  could  be  expected, 
with  floats  as  a  dryer. 

Experiment  IX.  — In  experiments  III.  to  VIII.  Philadel- 
phia tankage  was  used  as  a  source  of  leather. 

In  this  experiment  pure  fine-ground  sole-leather  was  used, 
to  see  if  the  sulphuric  acid  acted  as  strongly  upon  the  pure 
leather  as  upon  the  prepared  article.  To  30  grams  of  50°  B. 
acid  were  added  9  grams  of  sole-leather,  20  cubic  centimeters 
of  water  and  60  grams  of  floats. 

The  resulting  phosphate  weighed  98.5  grams. 

Analysis  gave  the  following  results :  — 

PerOant 

Total  nitrogen  in  the  superphosphate, 710 

Total  nitrogen  after  digestion, 220 

Total  nitrogen  digested, 69.000 

Nitrogen  soluble  in  water  047 

Per  cent,  of  soluble  nitrogen, 6.620 

No  tannic  acid  could  be  detected  in  this  superphosphate. 
The  artificial  digestion  of  the  nitrogen  was  made  by  taking 
5  grams  of  the  substance,  washing  out  the  soluble  phosphoric 
acid  with  water,  and  proceeding  in  the  usual  manner. 

It  is  to  be  noted  from  the  above  figures  that  the  nitrogen 
in  the  sole-leather  thus  treated  was  as  digestible  as  is  the 
average  am'mal  matter  sold  for  fertilizing  purposes. 

Fraclical  Deductions, 
The  various  experiments  made  would  indicate  that  leather, 
sulphuric  acid,  water  and  floats  should  be  mixed  in  about  the 
following  relative  proportions :  — 

Fonnds. 

Sulphuric  acid,  50°  B., 2,000 

Ground  leather, 600 

Water, 800 

Floats, 2,700 
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The  resulting  mixture,  when  in  fairly  dry  condition,  would 
weigh  approximately  5,000  pounds,  shrinking  about  18  to 
20  per  cent.  It  would  have  approximately  the  following 
composition :  — 

PerOmL 

Moisture, 18.00 

Available  phosphoric  acid, 8.50 

Insoluble  phosphoric  acid, 2.00 

Total  phosphoric  acid, 10.50 

Total  nitrogen, 90 

Two  thousand  pounds  of  sulphuric  acid  will  not  take  up 
more  than  600  pounds  of  leather  and  render  the  leather  70 
per  cent,  digestible.  If  more  is  added,  part  of  the  latter, 
whether  roasted  or  raw,  will  not  be  thoroughly  acted  upon 
by  the  acid.  With  600  pounds  of  leather  a  thick  paste 
results,  which  must  be  diluted  somewhat  with  water  in  order 
to  allow  the  sulphuric  acid  to  act  freely  upon  the  floats.  If 
bone  ash  should  be  used  as  a  dryer,  in  place  of  ground  phos- 
phate rock,  a  higher  percentage  of  available  phosphoric  acid 
and  of  nitrogen  would  result,  as  experiments  I.  and  11. 
indicate. 

Before  submitting  the  leather  to  the  action  of  the  sulphuric 
acid,  it  would  undoubtedly  be  better,  after  extracting  the  fSsit, 
to  steam  or  roast  it,  in  order  that  it  may  be  easily  pulverized. 
Raw,  untreated  leather  is  ground  only  with  difficulty,  and  if 
the  mechanical  condition  of  the  leather  were  poor,  the  action 
of  the  sulphuric  acid  would  be  imperfect. 


Pot  Experiments  with  Dissolved  Leather. 

Bt  J.  B.  LiNDSET  AND  B.  H.  SmITH. 

In  order  to  still  further  study  the  availability  of  the  nitro- 
gen in  dissolved  leather,  pot  experiments  were  instituted, 
and  the  result  of  our  first  year's  trial  is  here  presented. 

The  Pots  used. 

The  pots  were  made  of  thin  galvanized  iron,  and  were 
seven  and  three-quarters  inches  in  diameter  and  eight  inches 
deep.     A  galvanized-iron  tube,  half  an  inch  in  diameter. 
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extended  from  the  top  to  the  bottom  of  the  pot,  connecting 
at  the  base  with  a  second  tube  of  the  same  material,  one 
inch  in  diameter.  This  latter  tube  extended  along  the  bot- 
tom of  the  pot  and  was  perforated  with  small  holes.  The 
object  of  these  tubes  was  to  supply  water  partially  from  the 

bottom. 

The  Soil. 

In  order  to  test  the  availability  of  different  sources  of 
nitrogen,  the  soil  to  be  used  for  such  a  purpose  should  be  as 
poor  in  this  ingredient  as  possible.  If  not  naturally  in  such 
a  condition,  it  should  be  rendered  so  by  previous  cropping. 
As  we  had  not  an  ideal  soil  at  hand  for  such  a  piirpose,  a 
sandy  subsoil  was  selected  that  was  poor  in  all  of  the  several 
ingredients  of  fertility.   It  had  the  following  composition :  — 

Per  Cent 

Moisture  when  tested, 14.25 

Phosphoric  acid, .13 

Potassium  oxide, 08 

Nitrogen, 09 

The  Fertilizers  used. 

In  order  to  turn  the  nitrogen  to  the  very  best  account, 
phosphoric  acid  and  potash  must  be  supplied  in  excess. 

The  sources  of  nitrogen  were  nitrate  of  soda,  dissolved 
leather  and  Philadelphia  tankage.  The  Philadelphia  tankage 
has  already  been  described.  The  dissolved  leather  was  pre- 
pared as  follows :  to  210  grams  of  c.  p.  sulphuric  acid  of 
50°  B.,  heated  to  80^  C,  were  added  63  grams  of  finely 
ground  sole-leather.  The  mixture  was  thoroughly  stirred, 
and  allowed  to  stand  for  half  an  hour ;  a  dark  pasty  mass 
resulted.  Forty-nine  grams  of  water  were  added  to  thin  the 
paste  somewhat,  and  then  finely  ground  calcium  carbonate 
(marble)  was  added,  to  take  up  the  excess  of  sulphuric 
acid,  and  enable  us  to  secure  a  dry,  easily  handled  material. 
We  used  the  carbonate  instead  of  the  phosphate  of  lime  as  a 
dryer,  in  order  to  avoid  an  excess  of  phosphoric  acid.  After 
standing  twenty-four  hours  the  substance  had  dried  out 
sufficiently  to  be  easily  handled  and  ground. 

Double  superphosphate  was  used  as  a  soui*ce  of  phosphoric 
acid,  and  the  potash  was  applied  in  the  form  of  the  double 
sulphate  of  potash  and  magnesia. 
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Composition  of  the  Fertilizers. 

Dissolved 
Leather. 

Philadel. 

phla 
Tankage. 

Nitrate 
Boda. 

Double 

Soperphoa. 

phate. 

Sulphate 
of  Potash 

and 
Magnesia. 

Moletnre,         .       .       . 
Nitrogen, 

Soluble  phosphoric  acid. 
Reverted  pboaphorlo  add, 
ATailable  phoephorlo  acid. 
Insoluble  phosphoric  acid, 
Total  phosphoric  acid,    . 
Potassium  oxide,    . 

.97 

7.80 

2.09 
14.28 

5.74 

S8.38 

9.04 

47.42 

.88 

47.80 

8.10 
84.82 

*  Not  determined. 


Arrangement  of  the  Experiment. 
Eighteen  pots  were  used  in  the  experiment,  fertilized  as 
follows :  — 


POTB. 

Source  of  Nitrogen. 

Amonnt 

of  Nitrogen 

applied 

(Urams). 

Amount  of 
AvaUable 

Add  applied 
(Grams). 

Amonnt 

of  Potassiom 

Oxide 

appUed 

(Grams). 

Poto],2,  8, 
Pota4,5,«,        .        . 
PoU  7, 8, 9,        .        . 
PoU  10, 11, 12,  .        . 
PoU  13, 14, 15,   .        . 
PoU  16, 17, 18,   .        . 

Soil  nitrogen, 
Philadelphia  tankage,    . 
Nitrate  soda,  . 
Nitrate  soda,  . 
DUsolved  leather,  .       . 
Dissolved  leather.  . 

.00 
.80 
.00 
.80 
.80 

1.20 
1.20 
1.90 
1.20 
1.20 
1.20 

2.40 
2.40 
2.40 
2.40 
2.40 
2.40 

Pots  1,  4,  7,  10,  13,  16  were  infected  with  a  small  quan- 
tity of  cultivated  soil,  in  order  to  note  if  the  infection  facili- 
tated the  nitrification  of  the  organic  nitrogen  in  case  of  our 
experiments.  To  each  of  these  pots  were  also  added  10 
grams  of  air-slacked  lime. 

Filling  the  Pots. 
About  an  inch  of  good  clean  gravel  was  first  added  to  the 
pots,  and  then  five  centimeters  of  the  well-mixed  soil  (three 
and  one-half  pounds)  •     The  fertiliser  (one-half  of  the  jiitrate 
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of  soda  only  at  this  time)  was  then  thoroughly  mixed  with 
six  and  one-half  pounds  of  the  soil  and  added ;  this  addition 
increased  the  depth  nine  centimeters.  Two  pounds  of  the 
mixed  soil  (three  centimeters)  were  next  put  in,  and  finally 
the  oats  (one  gram  of  seed  per  pot)  were  scattered  in  and 
covered  with  one-half  pound  of  the  soil.  Twelve  and  one- 
half  pounds  of  soil  were  therefore  added  to  each  pot,  and 
filled  it  to  within  one  centimeter  of  the  top.  After  each 
addition  of  soil  the  pot  was  somewhat  shaken,  but  the  soil 
was  not  at  all  pressed  in.  The  filling  and  planting  were 
completed  on  April  25. 

OenercU  Care  of  the  Experiment. 

The  pots  were  set  into  a  wagon  running  on  an  iron  track. 
The  floor  of  the  wagon  was  surrounded  with  sides  six  inches 
deep.  The  space  between  the  pots  was  filled  with  sawdust, 
which  was  kept  moist,  in  order  to  keep  the  soil  in  the  pots 
as  cool  as  possible  during  the  hot  summer  weather.  The 
pots  were  carefully  watched  and  kept  sufficiently  watered, 
A  portion  of  this  water  was  supplied  from  beneath,  and  the 
remainder  was  added  to  the  surface  with  a  sprinkling  pot. 
Sometimes  it  became  necessary  to  water  twice  daily.  The 
pots  were  kept  in  the  open  whenever  the  weather  permitted. 
During  wet  or  windy  weather,  and  at  night,  they  were  run 
under  cover. 

Notes. 

The  oats  appeared  April  30.  When  they  were  about  two 
inches  high,  twelve  plants  were  removed  from  each  pot,  as 
they  appeared  rather  thick. 

Appearance  June  1, 

Pots  1,  2,  3.  Oats  were  eleven  to  thirteen  inches  high. 
They  began  to  appear  light  green,  up  to  yellow,  and 
spindly. 

Pots  4,  5,  6.  Oats  were  but  very  little  better  in  appear- 
ance than  those  in  pots  1,  2  and  3. 

Pots  7,  8,  9.  Plants  were  dark  green,  stocky,  and  eleven 
to  thirteen  inches  high. 
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Pots  '10,  11,  12.  Plants  appeared  dark  green,  very 
stocky,  and  were  eleven  to  fifteen  inches  high. 

Pots  13,  14,  15.  Leaves  broad,  very  dark  green,  and 
plants  twelve  to  fifteen  inches  high. 

Pots  16,  17,  18.     Same  as  pots  13,  14,  15. 

On  June  4  pots  7,  8,  9  began  to  show  nitrogen  hanger,  by 
appearing  a  lighter  green ;  the  ends  of  the  leaves  were  turn- 
ing yellow.  The  other  half  of  the  nitrate  of  soda  was  there- 
fore added  in  350  cubic  centimeters  of  water  to  pots  7,  8,  9, 
10,  11  and  12.  From  this  time  on  (June  4)  the  plants  in 
pots  1,  2,  3,  4,  5  and  6  grew  quite  slowly,  had  a  light- 
green  and  spindly  appearance.  On  June  22  the  oats  in  all 
the  pots  (excepting  10,  11,  12)  began  to  head.  The  latter 
showed  the  heads  about  a  week  later. 

The  plants  retained  their  same  relative  appearance  till 
harvested. 

The  plants  in  pots  10,  11,  12  were  a  deep  rich  green  and 
stocky,  but  failed  to  mature  much  grain,  as  our  tabulated 
results  will  show. 

Harvesting. 

The  plants  were  harvested  as  they  matured.  The  oats  in 
pots  1,  2,  3  were  cut,  for  example,  July  23,  while  those  in 
pots  10,  11,  12  not  till  August  10.  They  were  cut  close  to 
the  soil,  put  in  large  paper  bags,  and  hung  away  to  dry. 

The  photographs  that  follow  show  the  relative  appearance 
of  the  plants  in  pots  1,  2,  3,  4,  5,  6,  7,  8,  9,  13,  14,  15,  a 
short  time  before  harvesting.  The  photographs  of  the 
plants  in  pots  10,  11,  12,  16,  17,  18  are  not  presented,  for 
reasons  that  will  be  stated  further  on. 

Comments, 

Pots  1,  2,  3,  4,  5,  6  (see  first  photograph)  have  the 
same  general  appearance,  though  the  latter  contain  a  trifle 
more  foliage.  Pots  7,  8,  9,  fertilized  with  .30  grams  of 
nitrogen  from  nitrate  of  soda,  and  pots  13,  14,  15,  with  the 
same  amount  of  nitrogen  in  the  form  of  dissolved  leather 
(see  second  photograph) ,  compare  to  the  eye  very  favorably 
one  with  the  other.  The  plants  in  the  nitrate  pots  are  not 
quite  as  tall,  but  more  stocky. 
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The  Remits. 

After  the  product  from  each  pot  was  thoroughly  air  dry, 
the  grain  was  carefully  removed,  weighed,  coarsely  ground, 
and  dry-matter  determinations  made.  The  straw  was  cut 
into  short  lengths,  and  together  with  the  chaff  tested  for 
dry  matter.  Finally,  both  grain  and  straw  were  ground  fine, 
and  nitrogen  determinations  made. 
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Oonvm^nta  on  Table  L 

The  first  four  columns  in  the  table  show  the  weight  of 
straw  and  grain  (dry  matter)  produced  by  each  pot,  and 
the  average  from  each  three  pots.  The  next  three  columns 
indicate  the  gain  in  dry  matter  over  those  pots  containing 
only  soil  nitrogen.  Then  follow  the  comparative  yields, 
nitrate  of  soda  being  rated  at  100.  When  the  average  of 
both  straw  and  grain  is  considered,  it  will  be  seen  that  the 
dissolved  leather  yielded  60.7  per  cent,  as  much  as  the  same 
quantity  of  nitrogen  in  the  form  of  nitrate  of  soda.  The 
Philadelphia  tankage,  on  the  other  hand,  gave  but  a  slight 
increase  over  the  no-nitrogen  pots ;  this  slight  gain  was  in 
the  yield  of  straw. 

In  case  of  the  last  six  pots,  where  .60  gram  of  nitrogen 
was  applied  in  the  forms  of  nitrate  of  soda  and  dissolved 
leather,  we  find  a  large  amount  of  straw  produced,  but  very 
little  grain.  This,  in  all  probability,  can  be  attributed  to 
two  causes :  in  the  first  place,  in  case  of  the  nitrate  of  soda, 
one-half  the  quantity  was  not  applied  till  early  June,  and 
this  application  might  have  been  too  late  to  enable  the  plants 
to  take  it  up  and  work  it  over  into  grain ;  in  the  second 
place,  there  might  not  have  been  phosphoric  acid  and  potash 
enough  present  to  have  enabled  the  plants  to  turn  the  nitro- 
gen to  account.  Twice  as  much  phosphoric  acid  and  four 
times  as  much  potassium  oxide  as  nitrogen  were  applied; 
the  coming  year  these  amounts  will  be  doubled,  in  order  to 
make  sure  that  a  sufficient  quantity  is  present.  The  results 
from  these  latter  pots,  therefore,  are  simply  stated,  but  not 
fiirther  considered. 


818  AGmCULTURAL  EXPERIMENT  STATION.  [Jan. 


I 


HI  poonpoid 

8    S 

8 

8 

oaMivvqaieqi 

SJ    S 

i 

S     '      ' 

*M«jita|ot)i«j 
001  Ai»Aa  JOi 

Sm 

1st 

8 

s    .     . 

k 

'    5 

8 

1      1 

• 

go 

|3 

«5 

,    8 

•ft 

S 

1       1       1 

M 

'  si 

8     .     . 

—<n 

pmbo    naSoJi 

*IN|0*ddJ(^08 

•"•qio    *00l 

1 

s 

■"     '    s 

•ivnbo  vpog 

•1«««K  a»qM 

-opuo 

POV      MVJI8 

,^ 

Of  poajn)*ji 

• 

«9 

oaeqtvqojein 
*pandd«  o«S 

r  s 

8 

-38 

001  iJ^AK  JOj 

i 

1 

s  s 

1 

§     ,     . 

55 

M       M 

e« 

« 

5b« 

. 

i^ 

1 

8    SS 

8 

S     1     • 

Is 

li-il 

ii 

i 

Mi 

Qnantlty 

Nitrogen  to 

Each  Pot 

(Gzmms). 

8    S 

8 

8    8    8 

i 

•     • 

• 

.     .     . 

•     * 

• 

•     •     • 

H 

. 

. 

•     •     • 

H 
^ 

h 

•     • 

: 

!•:- 

o 

1 

ii 

1  'S 

1 

1    8   1 

III 

^ 

1  g 

5 

§    S    A 

1895.]  PUBLIC  DOCUMENT  — No.  33.  319 

Comments  on  Table  IL 

The  first  two  colamns  show  the  sources  of  nitrogen  and 
the  qaantitj  applied  to  each  pot.  The  third  column  shows 
the  total  average  nitrogen  found  in  the  dry  matter  pro- 
duced by  each  pot.  Where  no  nitrogen  was  applied,  the 
soil  yielded  of  itself  .0945  gram,  and  the  excess  over 
this  amount  obtained  in  the  other  series  represents  the 
amount  that  the  plants  succeeded  in  getting  from  the 
nitrogen  applied.  The  next  column  shows  that  for  every 
100  parts  of  nitrogen  applied  in  the  form  of  nitrate  of  soda 
70  parts  were  obtained  in  the  grain  and  straw ;  the  other  30 
parts  would  probably  largely  if  not  entirely  be  found  in  the 
roots.  For  every  100  parts  of  nitrogen  applied  in  the  form  ' 
of  dissolved  leather  39  parts  were  returned,  while  for  every 
100  parts  applied  in  the  form  of  Philadelphia  tankage  but  5.3 
parts  were  recovered.  The  next  column  shows  that,  if  the 
amount  of  nitrogen  returned  in  case  of  the  nitrate  of  soda 
pots  be  represented  by  100,  then  the  amount  returned  in  case 
of  dissolved  leather  would  be  56,  and  in  case  of  Philadelphia 
tankage  7.6.  The  last  column  indicates  the  parts  of  grain 
produced  for  every  100  parts  of  straw.  Notice  that  where 
no  nitrogen  was  applied  only  21.6  parts  of  grain  were  pro- 
duced to  100  parts  of  straw;  but  when  .30  gram  of 
nitrogen  in  form  of  nitrate  of  soda  was  added,  36  parts  of 
grain  were  obtained  to  100  parts  of  straw. 

Resume. — Action  of  Sulphuric  Acid  on  LeatJier. 

Artificial  digestion  tests  show  that  nitrogen  in  either  raw, 
steamed  or  roasted  leather,  after  being  acted  on  by  50^  B. 
sulphuric  acid,  has  a  digestibility  of  70  per  cent.  This  test 
would  class  it,  as  regards  availability,  with  the  average  qual- 
ity of  animal  matter  sold  for  fertilizing  purposes. 

The  result  of  our  first  year's  test  with  pot  experiments 
indicates  that,  when  nitrate  of  soda  as  a  source  of  nitrogen 
ia  rated  at  100,  the  nitrogen  in  the  form  of  dissolved  leather 
would  be  rated  at  about  60.  The  return  from  the  Philadel- 
phia tankage  was  very  slight.  The  experiment  will  be  con- 
tinued the  coming  year. 
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12.     Eepobt  on  General  Fakm  Work  (1894). 

The  lands  assigned  for  the  use  of  the  Massachiisetts  State 
Agricultural  Experiment  Station  cover  an  area  of  fifty  acres. 
Ten  acres  are  natural  woodlands,  and  forty  ac^es,  including 
the  space  occupied  by  the  buildings,  are  used  for  the  raising 
of  farm  crops.  At  present  from  fifteen  to  sixteen  acres  are 
imder  cultivation,  and  from  sixteen  to  seventeen  acres  are 
permanent  grass  lands.  As  every  portion  of  the  land  is  at 
present  serving  for  some  special  experiment,  the  general 
management  of  the  farm  is  to  a  controlling  degree  subjected 
to  the  requirements  of  the  work  called  for  in  connection  with 
the  various  questions  under  investigation.  The  adoption  of 
a  thorough  mechanical  preparation  of  the  soil,  supported  by 
a  careful,  clean  cultivation  of  the  crops  raised,  has  brought 
the  lands  into  a  fiiir  condition  for  field  experiments.  Each 
field  has  had  for  years  its  own  system  of  manuring,  and 
becomes  thereby  from  year  to  year  more  valuable  for  experi- 
mental purposes.  Wherever  circumstances  have  been  favor- 
able, forage  crops  have  been  chosen,  for  the  purpose  of 
studying  the  influence  of  various  systems  of  fertilization  and 
cultivation  on  their  growth  and  special  character.  This 
practice  has  resulted  already  in  the  successful  introduction 
of  some  valuable  forage  plants  new  to  our  locality,  and  has 
also  materially  assisted  us  in  an  economical  support  of  quite 
extensive  experiments  in  stock  feeding.  The  beneficial  effect 
of  many  of  these  crops  on  the  physical  and  chemical  condi- 
tion of  our  cultivated  lands  is  everywhere  noticed,  when 
compared  with  their  previous  general  condition. 

During  the  past  season  soja  bean,  vetch  and  oats,  vetch 
and  barley,  and  vetch,  oats  and  horse  bean  have  been  raised. 
The  vetch  and  oats  was  fed  in  part  green  and  the  remainder 
was  converted  into  hay  for  dairy  coWs.  The  soja  bean  was 
used  in  a  mixed  silage  with  com.  The  vetch  and  barley  and 
vetch,  oats  and  horse  bean  were  used  for  hay. 

Twenty-six  tons  of  com  have  been  put  into  the  silos, 
about  three  to  four  tons  being  in  the  form  of  mixed  silage 
with  soja  bean.  Of  the  remainder,  part  was  fed  green  and 
the  rest  harvested  at  maturity. 
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Daring  the  past  season  the  area  of  the  orchard  has  been 
laid  down  in  permanent  grass  land.  .  From  three  to  fonr 
feet  space  around  each  tree  has  been  left  open  for  cultivation. 

The  amount  and  character  of  farm  and  garden  crops 
raised  in  1894  may  be  seen  from  the  following  statement :  — 

Tom. 

Hay  (first  cut), 33 

fiowen, 6} 

Potatoes, 6| 

Oats  (756  pounds  grain,  2,224  pounds  straw),      ....  1| 

Vetch  and  oats  (hay), 3} 

Vetch  and  oats  (green), 3  j 

Vetch  and  barley  (hay), ^g 

Vetch,  oats  and  horse  bean  (hay),         ......  ^ 

Fodder  com  (green), '.        .  29 

Soja  bean  (green), 3} 

Hungarian  grass  (green), 2^ 

Barley  (667  pounds  grain,  1,378  pounds  straw),  .        ...  1 

Bye  (2,576  pounds  grain,  11,072  pounds  straw),  ....  6{ 

Tomatoes, 2^ 

Onions, ^\ 

Carrote, 2i 

Globe  mangolds, 1^^ 

Spinach, } 

Lettuce, \ 

Miscellaneous, •       .  8 

109i 
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SPECIAL  WORK  IN  THE  CHEMICAL  LABORATORY. 

C.  A.   GOBSSMANN. 


I.    CtoxvuKiCATiON  oir  CoxxEBciAL  Fbrtiusbhs  :  — 

1.  OSMSBAL  INTBODUCTXON. 

2.  Btatb  Lawb  roB  thb  Regulation  or  Tradb  in  Coxxnbcial  Fsbtiuzbbs. 

3.  List  of  Licensed  Manutactursrs  and  Dealers  trox  Mat  1,  1804,  to 

MatI,  1806(58). 

4.  Analyses  or  Licensed  Febtilizers  (258)  (coxriLED  bt  H.  D.  Haskins). 

5.  Analyses  of  Commercial  Fertilizers  and  Manurial  Bubstances  sent 

ON  roR  Examination  (145)  (coxfiled  by  C.  S.  Crocker). 

6.  Miscellaneous  Analyses  (4)  (compiled  by  C.  8.  Crocker). 

7.  Miscellaneous  Fodder  Analyses  (09)  (compiled  by  C.  B.  Crookbr). 
II.    Analyses  or  Milk  sent  on  roR  Examination  (40)  (compiled  by  C.  B.  Cbockbb). 

m.  Analyses  of  Water  sent  on  for  Examination  (200)  (compiled  by  B.  H. 
Smith). 

rv.  Compilation  of  Analyses  made  at  Amherst,  Mass.,  of  Agricultural  Chem- 
icals and  Repusb  Materials  used  for  Fertilizing  Purposbs  (compilbd 
BY  C.  8.  Crocker). 

y.  Compilation  of  Analyses  made  at  Amherst,  Mass.,  of  Fodder  Articles, 
Fruits,  Suoar-producino  Plants,  Dairy  Products,  etc.  (compiled  by  C. 
8.  Crocker). 

VI.    Table  of  TttE  Dioebtibility  of  American  Feeding  Stuffs  (compiled  bt  J. 

B.  LiNDSEY)  :  — 

A.  Experiments  vith  Ruminants. 

B.  BXPMRIMENTS  WITH  SlTINE. 
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I. 
COMMUNICATION  ON  COMMERCTAL  FERTILIZERS. 

1.  General  introduction. 

2.  State  laws  for  the  regulation  of  trade  in  commercial  fer- 
tilizers. 

3.  List  of  licensed  manufacturers  and  dealers  from  May  1, 
1894,  to  May  1,  1895. 

4.  Analyses  of  licensed  fertilizers. 

5.  Analyses  of  commercial  fertilizers  and  manurial  substances 
sent  on  for  examination. 

6.  Miscellaneous  analyses. 

7.  Miscellaneous  fodder  analyses. 

1.     General  Introduction. 

Fifty-eight  manufacturers  and  dealers  have  applied  for  and 
received  licenses  for  the  sale  of  their  various  brands  of  fer- 
tilizers in  our  State.  Twenty-five  of  them  are  residents  of 
other  States. 

Two  hundred  and  seventy-four  samples  of  licensed  articles 
have  been  collected  in  all  parts  of  the  State  by  an  authorized 
agent  of  the  station.*  Two  hundred  and  fifty-three  of  them 
have  been  carefully  analyzed  at  the  chemical  laboratory  of 
the  station,  with  the  following  results:  four  samples  con- 
tained all  three  essential  constituents  above  the  highest 
guarantee ;  twenty-five  contained  two  of  the  essential  ele- 
ments above  the  highest  guarantee ;  seventy  contained  one 
essential  element  above  the  highest  guarantee;  thirty-four 
contained  three  essential  elements  above  the  lowest  guar- 
antee ;  seventy-four  contained  two  essential  elements  above 
the  lowest  guarantee ;  eighty-seven  contained  one  element 
above  the  lowest  guarantee;  one  contained  three  essential 
elements  below  the  lowest  stated  guarantee ;  seventeen  con- 
tained two  essential  elements  below  the  lowest  stated  guar- 
antee ;  seventy-six  contained  one  element  below  the  lowest 

*  Mr.  H.  D.  Haskins,  a  graduate  of  the  Massachnsetts  Agricultural  College,  of  the 
clasB  of  '90,  and  for  four  years  past  an  assistant  in  the  chemical  laboratoiy  of  tiM 
Massadinsetts  State  Experiment  Station. 
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stated  guarantee.  The  deficiency  in  one  or  two  essential 
constituents  was  in  the  majority  of  instances  compensated 
for  by  an  excess  in  the  others. 

The  variations  in  the  market  price  of  prominent  fertilizer 
constituents  have  been,  on  the  whole,  during  the  past  year 
within  the  usual  limits.  Potash  in  its  diflTerent  forms,  as  well 
as  nitrogen,  has  advanced  in  price  compared  with  last  year's 
quotations,  while  phosphoric  acid  has  remained  about  the 
same. 

The  duties  assigned  to  the  director  of  the  station,  to  act 
as  inspector  of  conmiercial  fertilizers,  render  it  necessary  to 
discriininate^  in  official  publications  of  the  results  of  analyses 
of  commercial  fertilizers  and  of  manurial  substances  in  gen- 
eral made  at  the  station,  between  analyses  of  samples  coU 
lected  by  a  duly  qualified  delegate  of  the  experiment  station^ 
in  conformity  with  the  rules  prescribed  by  the  new  laws^  and 
those  analyses  which  are  m^ade  of  samples  sent  on  for  thai 
purpose  by  outside  parties.  In  regard  to  the  former  alone 
can  the  director  assume  the  responsibility  of  a  carefiilly 
prepared  sample,  and  of  the  identity  of  the  article  in  ques- 
tion. 

The  official  report  of  analyses  of  compound  fertilizers  and 
of  aU  such  materials  as  are  to  be  used  for  manurial  purposes, 
which  are  sold  in  this  State  under  a  certificate  of  compliance 
with  the  present  laws  for  the  regulation  of  the  trade  in  these 
articles,  has  been  restricted  by  our  State  laws  to  a  statement 
of  chemical  composition  and  to  such  additional  information 
as  relates  to  the  latter. 

The  practice  of  affixing  to  each  analysis  of  this  class  of 
fertilizers  an  approximate  conmiercial  valuation  per  ton  of 
their  principal  constituents  has,  therefore,  been  discontinued. 
This  change,  it  is  expected,  will  tend  to  direct  the  attention 
of  the  consumers  of  fertilizers  more  forcibly  towards  a  con- 
sideration  of  the  particular  composition  of  the  different  brands 
of  fertilizers  offered  for  their  patronage^  a  circumstance  not 
infrequently  overlooked. 

The  approximate  market  value  of  the  different  brands  of 
fertilizers  obtained  by  the  current  mode  of  valuation  does 
not  express  their  respective  agricultural  value^  i.  6.,  their 
crop-producing  value ;  for  the  higher  or  lower  market  price 
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of  different  brands  of  fertilizers  does  not  necessarily  stand 
in  a  direct  relation  to  their  particular  fitness,  without  any 
reference  to  the  particular  condition  of  the  soil  to  be  treated 
and  the  special  wants  of  the  crops  to  be  raised  by  their 
assistance. 

To  select  judiciously  from  among  the  various  brands  of 
fertilizers  offered  for  patronage  requires,  in  the  main,  two 
kinds  of  information,  namely,  we  ought  to  feel  confident 
that  the  particular  brand  of  fertilizer  in  question  actually 
contains  the  guaranteed  quantities  and  qualities  of  essential 
articles  of  plant  food  at  a  reasonable  cost,  and  that  it  con- 
tains them  in  such  form  and  such  proportions  as  will  best 
meet  existing  circumstances  and  special  wants.  In  some 
cases  it  may  be  mainly  either  phosphoric  acid  or  nitrogen  or 
potash;  in  others,  two  of  them;  and  in  others  again,  all 
three.  A  remunerative  use  of  commercial  fertilizers  can 
only  be  secured  by  attending  carefully  to  the  above-stated 
considerations. 

To  assist  farmers  not  yet  familiar  with  the  current  mode 
of  determining  the  commercial  value  of  manurial  substances 
offered  for  sale  in  our  markets,  some  of  the  essential  con- 
siderations, which  serve  as  a  basis  for  their  conmoiercial 
valuation,  are  once  more  stated  within  a  few  subsequent 
pages. 

The  hitherto  customary  valuation  of  manurial  substances 
is  based  on  the  average  trade  value  of  the  essential  fertil- 
izing elements  specified  by  analysis.  The  money  value  of 
the  higher  grades  of  agricultural  chemicals  and  of  the  higher- 
priced  compound  fertilizers  depends,  in  the  majority  of 
cases,  on  the  amount  and  the  particular  form  of  two  or  three 
essential  articles  of  plant  food,  i.  e.,  phosphoric  acid,  nitro- 
gen and  potash,  which  they  contain.  To  ascertain  by  this 
mode  of  valuation  the  approximate  market  value  of  a  fertil- 
izer ({.  6.,  the  money  worth  of  its  essential  fertilizing  in- 
gredients), we  multiply  the  pounds  per  ton  of  nitrogen, 
etc.,  by  the  trade  value  per  pound;  the  same  course  is 
adopted  with  reference  to  the  various  forms  of  phosphoric 
acid  and  of  potassium  oxide.  We  thus  get  the  values  per 
ton  of  the  several  ingredients,  and,  adding  them  together, 
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we  obtain  the  total  valuation  per  ton  in  case  of  cash  payment 
at  points  of  general  distribution. 

The  market  value  of  low-priced  materials  used  for  ma- 
nurial  purposes,  as  salt,  wood  ashes,  various  kinds  of  lime, 
barn-yard  manure,  &ctory  refuse  and  waste  materials  of 
different  description,  quite  frequently  does  not  stand  in  a 
close  relation  to  the  market  value  of  the  amount  of  essential 
articles  of  plant  .food  they  contain.  Their  cost  varies  in 
diilerent  localities.  Local  facilities  for  cheap  transportation, 
and  more  or  less  advantageous  mechanical  condition  for  a 
speedy  action,  exert,  as  a  rule,  a  decided  influence  on  their 
selling  price. 

The  mechanical  condition  of  any  fertilizing  material,  simple 
or  compound,  deserves  the  most  serious  consideration  of 
farmers  when  articles  of  a  similar  chemical  character  are 
offered  for  their  choice.  The  degree  of  pulverization  con- 
trols, almost  without  exception,  under  similar  conditions, 
the  rate  of  solubility,  and  the  more  or  less  rapid  difibsion  of 
the  different  articles  of  plant  food  throughout  the  soil. 

The  state  of  moisture  exerts  a  no  less  important  influence 
on  the  pecuniary  value  in  case  of  one  and  the  same  kind  of 
substance.  Two  samples  of  fish  fertilizers,  although  equally 
pure,  may  differ  from  fifty  to  one  hundred  per  cent,  in  com- 
mercial value  on  account  of  mere  difference  in  moisture. 

Crude  stock  for  the  manufacture  of  fertilizers,  and  refuse 
materials  of  various  descriptions,  have  to  be  valued  with 
reference  to  the  market  price  of  their  principal  constituents, 
taking  into  consideration  at  the  same  time  their  general  fit- 
ness for  speedy  action. 

Trade  Values  of  Fertilizing  Ingredients  in  Baw  Materials  and 
Chemicals,  1894. 

Cents 
per  Pound. 

Nitrogen  in  ammonia  salts, 19 

Nitrogen  in  nitrates,         .        .      * 14  J 

Organic  nitrogen  in  dry  and  fine-ground  fish,  meat, 

blood,  and  in  high-grade  mixed  fertilizers,      .       .  18 J 
Organic  nitrogen  in  cotton-seed  meal,  linseed  meal  and 

castor  pomace, 15 

Organic  nitrogen  in  fine-ground  bone  and  tankage,        .  ICJ 
Organic  nitrogen  in  fine-ground   medium    bone   and 

tankage,     ..•••.•••  15 
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Trade  Values  of  Fertilizing  Ingredients^  etc.  —  Concladed. 

OSDtl 

perPMznd. 

Organic  nitrogen  in  medium  bone  and  tankage,     .        .  12 

Organic  nitrogen  in  coarse  bone  and  tankage,        .        .  7 
Organic  nitrogen  in  hair,  horn  shavings  and  coarse 

fish  scraps, 7 

Phosphoric  acid  soluble  in  water, 6 

Phosphoric  acid  soluble  in  ammonium  citrate,        .        .  5| 

Phosphoric  acid  in  fine  bone  and  tankage,       ...        .  5| 

Phosphoric  acid  in  fine  medium  bone  and  tankage,        .  A\ 

Phosphoric  acid  in  medium  bone  and  tankage,        .        .  8 

Phosphoric  acid  in  coarse  bone  and  tankage,  ...  2 
Phosphoric  acid  in  fine-ground  fish,  cotton-seed  meal, 

linseed  meal,  castor  pomace  and  wood  ashes,  .  5 
Phosphoric  acid  insoluble  (in  ammonium  citrate)  in 

mixed  fertilizers,       .......  2 

Potash  as  high-grade  sulphate,  and  in  mixtures  free 

from  muriate, 5^ 

Potash  as  muriate, 4^ 

The  manurial  constituents  contained  in  feed  stuffs  are 
valued  as  follows :  — 

Cento 
perPaund. 

Organic  nitrogen, 15 

Phosphoric  acid, 5 

Potash, 5 

The  organic  nitrogen  in  superphosphates^  special  manures 
and  mixed  fertilizers  of  a  high  grade  is  usually  valued  at  the 
highest  figures  laid  down  in  the  trade  values  of  fertilizing 
ingredients  in  raw  materials,  namely,  fifteen  and  a  half  cents 
per  pound ;  it  being  assumed  that  the  organic  nitrogen  is 
derived  from  the  best  sources,  viz.,  animal  matter,  as  meat, 
blood,  bones  or  other  equally  good  forms,  and  not  from 
leather,  shoddy,  hair  or  any  low-priced,  inferior  form  of 
vegetable  matter,  unless  the  contrary  is  ascertained.  The 
insoluble  phosphoric  acid  is  valued  in  this  connection  at  two 
cents. 

The  above  trade  values  are  the  figures  at  which,  in  the  six 
months  preceding  March,  1894,  the  respective  ingredients 
could  be  bought  at  retail  for  cash  in  our  large  markets^  in 
the  raw  materials^  which  are  the  regular  source  of  supply. 

They  also  correspond  to  the  average  wholesale  prices  for 
the  six  months  ending  March  1,  plus  about  twenty  per  cent. 
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in  case  of  goods  for  which  we  have  wholesale  quotations. 
The  valuations  obtained  by  use  of  the  above  figures  will  be 
found  to  agree  fairly  with  the  retail  price  at  the  large  mar- 
kets of  standard  raw  materials,  such  as :  — 

Sulphate  of  ammonia,  Dry  ground  fish, 

Nitrate  of  soda,  Azotin, 

Muriate  of  potash.  Ammonite, 

Sulphate  of  potash.  Castor  pomace. 

Dried  blood.  Bone  and  tatikage. 

Dried  ground  meat,  Plain  superphosphates. 

A  large  percentage  of  commercial  materials  consists  of 
refuse  matter  from  various  industries.  The  composition  of 
these  substances  depends  on  the  mode  of  manufacture  car- 
ried on.  The  rapid  progress  in  our  manufacturing  industries 
is  liable  to  affect  at  any  time,  more  or  less  seriously,  the 
composition  of  the  refuse.  To  assist  the  farming  community 
in  a  clear  and  intelligent  appreciation  of  the  various  sub- 
stances sold  for  manurial  purposes,  a  frequent  examination 
into  the  temporary  charactei*s  of  agricultural  chemicals  and 
refuse  materials  offered  in  our  markets  for  manurial  pur- 
poses is  constantly  carried  on  at  the  laboratory  of  the  station. 

Consumers  of  commercial  manurial  substances  do  well  to 
buy,  whenever  practicable,  on  guarantee  of  composition 
with  reference  to  their  essential  constituents,  and  to  see  to 
it  that  the  bill  of  sale  recognizes  that  point  of  the  bargain. 
Any  mistake  or  misunderstanding  in  the  transaction  may  be 
readily  adjusted,  in  that  case,  between  the  contending  parties. 
The  responsibility  of  the  dealer  ends  with  furnishing  an 
article  corresponding  in  its  composition  with  the  lowest 
stated  quantity  of  each  specified  essential  constituent. 

Our  present  laws  for  the  regulation  of  the  trade  in  com- 
mercial fertilizers  include  not  only  the  various  brands  of 
compound  fertilizers,  but  also  all  materials,  single  or  com- 
pound, without  reference  to  source,  used  for  manurial  pur- 
poses when  offered  for  sale  in  our  market  at  ten  dollars  or 
more  per  ton.  Copies  of  our  present  laws  for  the  regular 
tion  of  the  trade  in  commercial  fertilizers  may  be  had  by  all 
interested,  on  application  at  the  Massachusetts  State  Agri- 
cultural Experiment  Station,  Amherst,  Mass. 
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2.     The  Provisions  or  the  Act  are  as  foli/)W8: 

[Chaptbr  296.] 

An  Act  to  regulate  the  salb  of  commercial  fertilizers. 
Be  it  enacted^  etc,^  as  follows : 

Section  1 .  Every  lot  or  parcel  of  commercial  fertilizer  or  mate- 
rial used  for  manurial  purposes  sold,  offered  or  exposed  for  sale 
within  this  Commonwealth,  the  retail  price  of  which  is  ten  dollars 
or  more  per  ton,  shall  be  accompanied  by  a  plainly  printed  state- 
ment clearly  and  truly  certifying  the  number  of  net  pounds  of  fer- 
tilizer in  the  package,  the  name,  brand  or  trade  mark  under  which 
the  fertilizer  is  sold,  the  name  and  address  of  the  manufacturer  or 
importer,  the  place  of  manufacture,  and  a  chemical  analysis  stat- 
ing the  percentage  of  nitrogen  or  its  equivalent  in  ammonia,  of 
potash  soluble  in  distilled  water,  and  of  phosphoric  acid  in 
available  form  soluble  in  distilled  water  and  reverted,  as  well  as 
the  total  phosphoric  acid.  In  the  case  of  those  fertilizers  which 
consist  of  other  and  cheaper  materials,  said  label  shall  give  a 
correct  general  statement  of  the  composition  and  ingredients  of 
the  fertilizer  it  accompanies. 

Sect.  2.  Before  any  commercial  fertilizer,  the  retail  price  of 
which  is  ten  dollars  or  more  per  ton,  is  sold,  offered  or  exposed 
for  sale,  the  importer,  manufacturer  or  party  who  causes  it  to  be 
sold  or  offered  for  sale  within  the  state  of  Massachusetts,  shall 
file  with  the  director  of  the  Massachusetts  agricultural  experiment 
station,  a  certified  copy  of  the  statement  named  in  section  one  of 
this  act,  and  shall  also  deposit  with  said  director  at  his  request  a 
sealed  glass  jar  or  bottle,  containing  not  less  than  one  pound  of 
the  fertilizer,  accompanied  by  an  affidavit  that  it  is  a  fair  average 
sample  thereof. 

Sect.  3.  The  manufacturer,  importer,  agent  or  seller  of  any 
brand  of  commercial  fertilizer  or  material  used  for  manurial  pur- 
poses, the  retail  price  of  which  is  ten  dollars  or  more  per  ton,  shall 
pay  for  each  brand,  on  or  before  the  first  day  of  May  annually,  to 
the  director  of  the  Massachusetts  agricultural  experiment  station, 
an  analysis  fee  of  five  dollars  for  each  of  the  three  following  fer- 
tilizing ingredients  :  namely,  nitrogen,  phosphorus  and  potassium, 
contained  or  claimed  to  exist  in  said  brand  or  fertilizer :  provided j 
that  whenever  the  manufacturer  or  importer  shall  have  paid  the 
fee  herein  required  for  any  person  acting  as  agent  or  seller  for 
such  manufacturer  or  importer,  such  agent  or  seller  shall  not  be 
required  to  pay  the  fee  named  in  this  section ;  and  on  receipt  of 
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said  analysis  fees  and  statement  specified  in  section  two,  the  direc- 
tor of  said  station  shall  issue  certificates  of  compliance  with  this 
act. 

Sect.  4.  No  person  shall  sell,  offer  or  expose  for  sale  in  the 
state  of  Massachusetts,  any  pulverized  leather,  raw,  steamed, 
roasted,  or  in  any  form  as  a  fertilizer,  or  as  an  ingredient  of  any 
fertilizer  or  manure,  without  an  explicit  printed  certificate  of  the 
fact,  said  certificate  to  be  conspicuously  affixed  to  every  package 
of  such  fertilizer  or  manure  and  to  accompany  or  go  with  every 
parcel  or  lot  of  the  same. 

Sect.  5.  Any  person  selling,  offering  or  exposing  for  sale,  any 
commercial  fertilizer  without  the  statement  required  by  the  first 
section  of  this  act,  or  with  a  label  stating  that  said  fertilizer  con- 
tains a  larger  percentage  of  any  one  or  more  of  the  constituents 
mentioned  in  said  section  than  is  contained  therein,  or  respecting 
the  sale  of  which  all  the  provisions  of  the  foregoing  section  have 
not  been  fully  complied  with,  shall  forfeit  fifty  dollars  for  the  first 
offence,  and  one  hundred  dollars  for  each  subsequent  offence. 

Sect.  6.  This  act  shall  not  affect  parties  manufacturing,  im- 
porting or  purchasing  fertilizers  for  their  own  use,  and  not  to  sell 
in  this  state. 

Sect.  7.  The  director  of  the  Massachusetts  agricultural  experi- 
ment station  shall  pay  the  analysis  fees,  as  soon  as  received  by 
him,  into  the  treasury  of  the  station,  and  shall  cause  one  analysis 
or  more  of  each  fertilizer  or  material  used  for  manurial  purposes 
to  be  made  annually,  and  publish  the  results  monthly,  with  such 
additional  information  as  circumstances  advise:  provided^  such 
information  relates  only  to  the  composition  of  the  fertilizer  or 
fertilizing  material  inspected.  Said  director  is  hereby  authorized 
in  person  or  by  deputy  to  take  a  sample,  not  exceeding  two  pounds 
in  weight,  for  analysis,  from  any  lot  or  package  of  fertilizer  or 
any  material  used  for  manurial  purposes  which  may  be  in  the 
possession  of  any  manufacturer,  importer,  agent  or  dealer ;  but 
said  sample  shall  be  drawn  in  the  presence  of  said  party  or  parties 
in  interest  or  their  representative,  and  taken  from  a  parcel  or  a 
number  of  packages  which  shall  be  not  less  than  ten  per  cent,  of 
the  whole  lot  inspected,  and  shall  be  thoroughly  mixed  and  then 
divided  into  two  equal  samples  and  placed  in  glass  vessels  and 
carefully  sealed  and  a  label  placed  on  each,  stating  the  name  or 
brand  of  the  fertilizer  or  material  sampled,  the  name  of  the  party 
from  whose  stock  the  sample  was  drawn  and  the  time  and  place 
of  drawing,  and  said  label  shall  also  be  signed  by  the  director  or 
his  deputy  and  by  the  party  or  parties  in  interest  or  their  represent- 
atives present  at  the  drawing  and  sealing  of  said  sample ;  one  of 
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said  duplicate  samples  shall  be  retained  by  the  director  and  the 
other  by  the  party  whose  stock  was  sampled.  All  parties  violat- 
ing this  act  shall  be  prosecuted  by  the  director  of  said  station ; 
but  it  shall  be  the  duty  of  said  director,  upon  ascertaining  any 
violation  of  this  act,  to  forthwith  notify  the  manufacturer  or  im- 
porter in  writing,  and  give  him  not  less  than  thirty  days  thereafter 
in  which  to  comply  with  the  requirements  of  this  act,  bnt  there 
shall  be  no  prosecution  in  relation  to  the  quality  of  the  fertilizer 
or  fertilizing  material  if  the  same  shall  be  found  substantially 
equivalent  to  the  statement  of  analysis  made  by  the  manufacturer 
or  importer. 

Sect.  8.  Sections  eleven  to  sixteen  inclusive  of  chapter  sixty 
of  the  Public  Statutes  are  hereby  repealed. 

Sect.  9.  This  act  shall  take  effect  on  the  first  day  of  September 
in  the  year  eighteen  hundred  and  eighty-eight.     lAppraved  May 

5,  isas.ii 

Instructions  to  Manufacturers^  Importers^  Agents  and  Sellers  of 
Commercial  Fertilizers  or  Materials  used  for  Manurial  Pur^ 
poses  in  Massachusetts. 

1.  An  application  for  a  certificate  of  compliance  with 
the  regulations  of  the  trade  in  commercial  fertilizers  and 
materials  used  for  manurial  purposes  in  this  State  must  be 
accompanied :  — 

Firsts  with  a  distinct  statement  of  the  name  of  each  brand 
offered  for  sale. 

Secondy  with  a  statement  of  the  amount  of  phosphoric 
acid,  of  nitrogen  and  of  potassium  oxide  guaranteed  in  each 
distinct  brand. 

Thirdy  with  the  fee  charged  by  the  State  for  a  certificate, 
which  is  five  dollars  for  each  of  the  following  articles,  nitro- 
gen, phosphoric  acid  and  potassium  oxide,  guaranteed  in  any 
distinct  brand. 

2.  The  obligation  to  secure  a  certificate  applies  not  only 
to  compound  fertilizers  but  to  all  substances,  single  or  com- 
pound, used  for  manurial  purposes,  and  offered  for  sale  at 
ten  dollars  or  more  per  ton  of  two  thousand  pounds. 

3.  The  certificate  must  be  secured  annually  before  the 
first  of  May. 

4.  Manufacturers,  importers  and  dealers  in  commercial 
fertilizers  can  appoint  in  this  State  as  many  agents  as  they 
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desire,  after  having  secured  at  this  office  the  certificate  of 
compliance  with  our  laws.  • 

5.  Agents  of  manufacturers,  importers  and  dealers  in 
commercial  fertilizers  are  held  personally  responsible  for 
their  transactions  until  they  can  prove  that  the  articles  they 
oflTer  for  sale  are  duly  recorded  in  this  office. 

6.  Manufacturers  and  importers  are  requested  to  furnish 
a  list  of  their  agents. 

7.  All  applications  for  certificates  should  be  addressed  to 
the  Director  of  the  Massachusetts  State  Agricultural  Experi- 
ment Station. 

Arrangements  are  made,  as  in  previous  years,  to  attend 
to  the  examination  of  objects  of  general  interest  to  the  farm- 
ing community,  to  the  full  extent  of  existing  resources. 
Eequests  for  analyses  of  substances  —  as  fodder  articles, 
fertilizers,  etc.  —  coming  through  officers  of  agricultural 
societies  and  farmers'  clubs  within  the  State  will  receive 
hereafter,  as  in  the  past,  first  attention,  and  in  the  order 
that  the  applications  arrive  at  the  office  of  the  station.  The 
results  will  be  returned  without  a  charge  for  the  services 
rendered.  Application  of  private  parties  for  analyses  of 
substances,  free  of  charge,  will  receive  a  careful  considera- 
tion whenever  the  results  promise  to  be  of  a  more  general 
interest.  For  obvious  reasons,  no  work  can  be  carried  on 
at  the  station  of  which  the  results  are  not  at  the  disposal  of 
the  managers  for  publication,  if  deemed  advisable  in  the 
interest  of  the  citizens  of  the  State. 

All  parcels  and  communications  sent  to  *'The  Massa- 
chusetts State  Experiment  Station  "  must  have  express  and 
postal  charges  prepaid,  to  receive  attention. 
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3.     Lisii  OP   Manufacturers   and  Dealers   who  have 

SECURED  CkRTIFICATES  FOR  THE  SaLB  OF  COMMER- 
CIAL Fertilizers  in  This  State  during  the  Past 
Year  (May  1,  1894,  to  May  1,  1895),  and  toe 
Brands  licensed  by  Each. 

Allison,  Stroup  &  Co.,  New  York,  N.  Y. :  — 
Odorless  Phosphate. 
Canada  Wood  Ashes. 

Ames  Fertilizer  Company,  Peabody,  Mass. :  — 
Plymouth  Bock  Brand. 
Special  Potato  Fertilizer. 
Strawberry  Fertilizer. 
Ground  Bone. 
Nitrate  of  Soda. 
Sulphate  of  Potash. 
Muriate  of  Potash. 

H.  J.  Baker  &  Bro.,  New  York,  N.  Y. :  — 
Special  Potato  Manure. 
Special  Grass  Manure. 
*'  A  A  "  Ammoniated  Superphosphate. 
Special  Tobacco  Manure. 
Special  Corn  Manure. 
Standard  A  X  C  D  Fertilizer. 
Special  Strawberry  Manure. 
Pure  Ground  Bone. 
Nitrate  of  Soda. 
Muriate  of  Potash. 

C.  A.  Bartlett,  Worcester,  Mass. :  — 
Pure  Ground  Bone. 
Animal  Fertilizer. 

J.  L.  Bonzey,  Auburn,  Mass. :  — 
Ground  Bone. 

Bowker  Fertilizer  Company,  Boston,  Mass. :  — 
Stockbridge  Special  Manures. 
Bowker*s  Hill  and  Drill  Phosphate. 
Bowker's  Farm  and  Garden  Phosphate. 
Bowker's  Lawi»  and  Garden  Dressing. 
Bowker's  Fish  and  Potash. 
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Bowker  Fertilizer  Company,  Boston,  Mass.  —  Concluded. 
Bowker's  Potato  and  Vegetable  Manure. 
Bowker's  Sure  Crop  Bone  Phosphate. 
Gloucester  Fish  and  Potash. 
Bowker's  Dried  Ground  Fish. 
Bowker's  Fresh  Ground  Fish. 
Nitrate  of  Soda. 
Dried  Blood. 
Dissolved  Bone-black. 
Muriate  of  Potash. 
Sulphate  of  Potash. 

Bradley  Fertilizer  Company,  Boston,  Mass. :  — 
X  L  Phosphate. 
Potato  Manure. 
B  D  Sea  Fowl  Guano. 
Complete  Manures. 
Fish  and  Potash. 
High-grade  Tobacco  Manure. 
English  Lawn  Fertilizer. 
Breck's  Lawn  and  Garden  Dressing. 
Circle  Brand  Bone  and  Potash. 
Eclipse  Phosphate. 
Fine-ground  Bone. 
Dissolved  Bone-black. 
Sulphate  of  Ammonia. 
Nitrate  of  Soda. 
Muriate  of  Potash. 
Sulphate  of  Potash. 

W.  J.  Brightman  &  Co.,  Tiverton,  R.  I. :  — 
High-grade  Potato  and  Root  Manure. 
Superphosphate. 

Fish  and  Potash.  , 

Menhaden  Fish  Guano. 

Bryant  &  Brett,  New  Bedford,  Mass. :  — 
Ground  Bone. 

Joseph  Church  &  Co.,  Tiverton,  R.  I. :  — 
Church's  Fish  and  Potash. 
Church's  "  B  "  Special  Fertilizer. 
Church's  "  C  "  Standard  FertUizer. 
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Clark's  Cove  Fertilizer  Company,  Boston,  Mass. :  — 
Bay  State  Fertilizer. 
Bay  State  Fertilizer,  "  G  G." 
King  Philip  Guano. 
Potato  and  Tobacco. 
Great  Planet  "A." 
Bay  State  Potato  Manure. 
Tobacco  Fertilizer. 
Fisli  and  Potash. 
White  Oak  Pare  Ground  Bone. 
Muriate  of  Potash. 
Sulphate  of  Potash. 
Nitrate  of  Soda. 

Cleveland  Dryer  Company,  Boston,  Mass. :  — 
Com  and  Grain  Phosphate. 
Cleveland  Fertilizer. 
Cleveland  Potato  Phosphate. 
Cleveland  Superphosphate. 

Cleveland  Linseed  Oil  Company,  Cleveland,  O. :  — 
Connecticut  Wrapper  Fertilizer. 
Coarse  Linseed  Meal. 

E.  Frank  Coe  Company,  New  York,  N.  Y. :  — 
Alkaline  Bone. 

High-grade  Ammoniated  Bone  Superphosphate. 
Red  Brand  Excelsior. 
Gold  Brand  Excelsior. 
Special  Tobacco  Fertilizer. 
High-grade  Potato  Fertilizer. 
Fish  and  Potash. 
Special  Potato  Fertilizer. 

Crocker  Fertilizer  and  Chemical  Company,  Buffalo,  N.  Y. :  — 
*      Ammoniated  Bone  Superphosphate. 

Potato,  Hop  and  Tobacco  Phosphate. 

Special  Potato  Manure. 

Pure  Ground  Bone. 

Ammoniated  Practical  Superphosphate. 

Vegetable  Bone  Superphosphate. 

New  Rival  Ammoniated  Superphosphate. 

Ammoniated  Wheat  and  Com  Phosphate. 

Lawn  Fertilizer. 

Ground  Bone  Meal. 
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Cumberland  Bone  Phosphate  Company,  Boston,  Mass. :  — 
Concentrated  Phosphate. 
Cumberland  Fertilizer. 
Potato  Phosphate. 
Superphosphate. 

L.  B.  Darling  Fertilizer  Company,  Pawtucket,  R.  I. :  — 
Animal  Fertilizer. 
Extra  Bone  Phosphate. 
Potato  and  Root  Crop  Manure. 
Lawn  and  Garden  Manure. 
Tobacco  Grower. 
Pure  Fine  Bone. 
Pure  Dissolved  Bone. 

Davidge  Manufacturing  Company,  New  York,  N.  Y.  :w- 
Special  Favorite. 
Wheat  and  Com  Phosphate. 
Tobacco  Fertilizer. 
Vegetator. 

John  C.  Dow  &  Co.,  Boston,  Mass. :  — 
Dow's  Nitrogenous  Superphosphate. 
Dow's  Ground  Bone  Fertilizer. 
Dow's  Ground  Bone. 

Forest  City  Wood  Ash  Company,  Boston,  Mass. :  — 
Canada  Unleached  Wood  Ashes. 

Wm.  E.  Fyfe  &  Co.,  Clinton,  Mass. :  — 
Wood  Ashes  (Star  Brand) . 

Great  Eastern  Fertilizer  Company,  Rutland,  Vt. :  — 
Great  Eastern  General  for  Grain  and  Grass. 
Great  Eastern  Vegetable,  Vine  and  Tobacco. 
Great  Eastern  General,  Oats,  Buckwheat  and  Seeding-down. 
Great  Eastern  Soluble  Bone  and  Potash  Fertilizer.  • 

Hargraves  Manufacturing  Company,  Fall  River,  Mass. :  — 
Ground  Bone. 

Edmund  Hersey,  Hingham,  Mass. :  — 
Fine-ground  Bone. 

ThoB.  Hersom  &  Co.,  New  Bedford,  Mass.  :  — 
Bone  Meal. 
Meat  and  Bone. 
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John  G.  Jefferds,  Worcester,  Mass. :  — 
Animal  Fertilizer. 
Potato  Fertilizer. 
Ground  Bone. 

Thos.  Kirley,  South  Hadley  Falls,  Mass. :  — 
Pride  of  the  Valley. 

A.  Lee  &  Co.,  Lawrence,  Mass. :  — 
Lawrence  Fertilizer. 

Lowe  Bros.  &  Co.,  Fitchburg,  Mass. :  — 
Bone. 

Lowell  Bone  Fertilizer  Company,  Lowell,  Mass. :  — 
LowelLBone  Fertilizer. 

The  Mapes  Formula  and  Peruvian  Guano  Company,  New  York, 
N.  Y.:  — 
The  Mapes  Bone  Manures. 
Peruvian  Guano. 
The  Mapes  Superphosphates. 
The  Mapes  Special  Crop  Manures. 
Sulphates  of  Potash. 
Economical  Manure. 
Nitrate  of  Soda. 

Mason,  Chapin  &  Co.,  Providence,  R.  I. :  — 
Odorless  Chemical  Compound  Fertilizer. 

James  E.  McGovern,  Lawrence,  Mass. :  — 
West  Andover  Market  Bone  Phosphate. 
Ground  Bone. 

McQuade  Bros.,  West  Auburn,  Mass. :  — 
Ground  Bone. 

Munroe,  Lalor  &  Co.,  Oswego,  N.  Y. :  — 
Canada  Wood  Ashes. 
Swift's  Ground  Bone. 

National  Fertilizer  Company,  Bridgeport,  Conn. :  — 
Complete  Fertilizers. 
Universal  Phosphate. 
Fish  and  Potash. 
Ground  Bone. 
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Pacific  Guano  Company,  Boeton,  MasB. :  — 
Pacific  Guano. 
Potato  Manure. 
Potato  and  Tobacco  Fertilizer. 
Fish  and  Potash. 
High-grade  General  Fertilizer. 

John  J.  Peters,  Long  Island  City,  N.  Y. :  — 
Sheep  Fertilizers. 

Powers,  Gibbs  &  Co. :  — 
Special  Potato  Guano. 
X  X  X  X  X  Peerless  Ammoniated  Guano. 
Sea  Bird  Ammoniated  Guano. 

Prentiss,  Brooks  &  Co.,  Holyoke,  Mass. :  — 
Complete  Manure. 
Phosphate. 
Nitrate  of  Soda. 
Muriate  of  Potash. 
Sulphate  of  Potash. 
Tankage. 
Dissolved  Bone-black. 

Preston  Fertilizer  Company,  Greenpoint,  L.  I.  :  — 
Potato  Fertilizer. 
Ammoniated  Bone  Superphosphate. 

Quinnipiac  Company,  Boston,  Mass. :  — 
Quinnipiac  Phosphate. 
Quinnipiac  Potato  Manure. 
Quinnipiac  Market-garden  Manure. 
Quinnipiac  Fish  and  Potash,  Crossed  Fishes. 
Quinnipiac  Fish  and  Potash,  Plain  Brand. 
Quinnipiac  Potato  and  Tobacco  Fertilizer. 
Quinnipiac  Havana  Tobacco  Fertilizer. 
Quinnipiac  Com  Manure. 
Quinnipiac  Grass  Fertilizer. 
Quinnipiac  Bone  Meal. 
Quinnipiac  Dry  Ground  Fish. 
Quinnipiac  Onion  Manure. 
Ammoniated  Dissolved  Bone-black. 
Muriate  of  Potash. 
Sulphate  of  Potash. 
Sulphate  of  Ammonia. 
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Quinnipiac  Company,  Boston,  Mass.  —  Concluded. 
Nitrate  of  Soda. 
Dissolved  Bone-black. 
Tankage. 

Read  Fertilizer  Company,  New  York,  N.  Y. :  — 
Read's  Standard. 
High-grade  Farmer's  Friend. 
Fish  and  Potash. 
Vegetable  and  Vine. 

John  S.  Reese  &  Co.,  Baltimore,  Md. :  — 
Potato  Special. 
New  England  Favorite. 
Pilgrim.  , 

N.  Roy  &  Son,  South  Attleborough,  Mass.  :  — 
Animal  Fertilizer. 

Lucien  Sanderson,  New  Haven,  Conn. :  — 
Formula  "  A." 
Formula  "B.'* 

High-grade  Sulphate  of  Potash. 
Regular  Sulphate  of  Potash. 

Edward  H.  Smith,  Northborough,  Mass. :  — 
Fine-ground  Bone. 

Springfield  Provision  Company,  BrightwOod,  Mass. :  — 
Blood,  Meat  and  Bone. 

Standard  Fertilizer  Company,  Boston,  Mass. :  — 
Complete  Manure. 
Standard  Guano. 
Potato  and  Tobacco  Fertilizer. 
Standard  Fertilizer. 
Standard  Superphosphate. 

T.  L.  Stetson,  Randolph,  Mass. :  — 
Fine-ground  Bone. 

F.  C.  Sturtevant,  Hartford,  Conn.  ,•  — 
Tobacco  and  Sulphur  Fertilizer. 

Henry  F.  Tucker,  Boston,  Mass. :  — 

Original  Bay  State  Bone  Superphosphate. 
Imperial  Bone  Superphosphate. 
Special  Potato  Fertilizer. 
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Walker,  Stratman  &  Co.,  Pittsburg,  Pa. :  -* 
Potato  Special. 
Tobacco  Special. 
Banner. 
Four  Fold. 

M.  E.  Wheeler  A  Co.,  Rutland,  Vt. :  — 
Com  Fertilizer. 
Potato  Manure. 
Grass  and  Oats  Fertilizer. 
Electrical  Dissolved  Bone. 

Whittemore  Bros.,  Wayland,  Mass. :  — 
Whittemore's  Complete  Manure. 

Leander  Wilcox,  Mystic,  Conn. :  — 

Potato,  Onion  and  Tobacco  Manure. 
Ammoniated  Bone  Superphosphate. 
High-grade  Fish  and  Potash. 
Dry  Ground  Fish. 

Williams  &  Clark,  Boston,  Mass. :  — 
Potato  Phosphate. 
Grass  Manure. 
High-grade  Special. 
Americus  Corn  Phosphate. 
Americus  Potato  and  Tobacco  Manure. 
Universal  Ammoniated  Dissolved  Bones. 
Prolific  Crop  Producer. 
Americus  Fish  and  Potash. 
Fish  and  Potash,  No.  1. 
Royal  Bone  Phosphate. 
Onion  Manure. 

Americus  Ammoniated  Bone  Superphosphate. 
Dry  Ground  Fish. 
Pure  Bone  Meal. 
Tobacco  Fertilizer. 
Tankage. 

Muriate  of  Potash. 
Sulphate  of  Potash. 
Nitrate  of  Soda. 
Sulphate  of  Ammonia. 
Dissolved  Bone-black. 
Double  Sulphate  of  Potash. 
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5.   Analyses  of  Commercial  Fertilizers  and  Manurial 
Substances  sent  on  for  Examination. 


Wood  Ashes. 

[I.y  II.  and  III.,  sent  on  from  Concord,  Mass. ;  IV.  and  V.,  sent  on  from  Lowell, 
Mass. ;  VI.,  sent  on  from  Amherst,  Mass.] 


Per  Cext. 

I. 

II. 

lU.            IV. 

V. 

VI 

Moisture  at  100°  C,    . 
Calcium  oxide,    . 
Phosphoric  acid, . 
Potassium  oxide. 
Insoluble  matter,  . 

6.75 

42.72 
1.66 
6.02 
7.71 

15.38 

43.00 

1.10 

6.23 

8.84 

6.06 

1.48 
6.64 
9.74 

23.00 

33.88 

1.02 

3.01 

10.88 

19.10 

30.32 

1.02 

6.18 

13.38 

7.97 

18.70 
2.04 
7.48 

22.03 

Wood  Ashes, 

[Ir  and  II.,  sent  on  from  Concord,  Mass. ;  III.,  sent  on  from  Concord  Junction, 
Mass. ;  IV.,  sent  on  from  Amherst,  Mass. ;  V.,  sent  on  from  Rock  Bottom, 
Mass. ;  VI.,  sent  on  from  Walpole,  Mass.] 


Per  Cent. 

I. 

n. 

ra. 

IV. 

V. 

VI. 

Moisture  at  100°  C,    . 
Calcium  oxide,    . 
Phosphoric  acid, . 
Potassium  oxide, 
Insoluble  matter, 

14.96 

29.52 

1.79 

6.26 

13.18 

9.86 

32.74 

1.48 

6.17 

18.96 

6.93 

40.48 
1.77 
7.84 
7.21 

1.29 

32.26 

4.04 

9.20 

11.22 

14.69 

1.28 

6.04 

12.29 

■16.06 

1.3;^ 

6.20 

14.31 

Wood  Ashes, 

[L«  sent  on  from  Nortn  Andover,  Mass. ;  II.,  sent  on  from  Hudson,  Mass. ;  III., 
sent  on  from  Westborough,  Mass. ;  IV.,  V.  and  VI.,  sent  on  from  Concord, 
Mass.] 


Per  Cext. 

I. 

II. 

m. 

IV. 

V. 

.1. 

Moisture  at  100"  C,    . 
Calcium  oxide,    . 
Potassium  oxide. 
Phosphoric  acid, . 
Insoluble  matter. 

19.11 

38.20 

6.98 

1.28 

13.12 

.19 

36.70 

3.96 

.90 
14.61 

22.26 

30.24 

6.04 

1.16 

7.80 

33.00 

4.47 

1.13 

10.28 

14.62 

36.60 

6.13 

1.68 

11.03 

16.08 
82.61 
.4.60 
1.22 
13.70 

Not  determined. 
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5.     Analyses ,  etc.  —  Continued, 


Wood  Ashes, 

[I.,  Bent  on  from  Beverlj/Mass.;  II.,  sent  on  from  Boston,  Mass.;  III.  and  IT., 
sent  on  from  Concord,  Mass. ;  V .  and  V I.,  sent  on  from  Waltham,  Mass.] 


Pf.r  Cknt. 

I. 

II. 

ni. 

IV. 

V. 

VI 

Moisture  at  100°  C,    . 
Calciam  oxide,    . 
Potassium  oxide. 
Phosphoric  acid, . 
Insoluble  matter, 

6.44 

5.28 

1.28 

15.40 

2.52 
34.46 

4.31 

.67 

12.63 

11.61 

35.05 

4.59 

.87 

15.97 

4.88 

30.20 

4.80 

1.41 

15.61 

.57 

28.17 

6.02 

1.65 

16.87 

10.92 

83.13 

4.46 

1.42 

28.65 

TF 

hod  As 

hes. 

[I.  and  n.,  sent  on  from  Concord,  Mass. ;  III.,  sent  on  from  Oranby,  Mass. ;  IV,, 
sent  on  from  Lakeville,  Mass. ;  Y.,  sent  on  from  Sunderland,  Mass. ;  VI.,  sent 
on  from  Leverett,  Mass.] 


Pkr  Cent 

... 

I. 

n. 

UI. 

IV. 

V. 

VI. 

Moisture  at  100*^  C,    . 
Phosphoric  acid, . 
Potassium  oxide, 
Insoluble  matter. 

9.67 
1.43 
7.32 
8.9:1 

11.13 
1.43 
5.22 

23.13 

20.51 
1.36 
5.62 

17.08 

6.45 
.51 

5.96 

_♦ 

12.59 

.82 

7.54 

16.69 
1.69 
5.98 

Wood  Ashes. 

[I.,  sent  on  from  Concord,  Mass. ;  11.  and  III.,  sent  on  from  Beverly,  Mass. ;  IV. 
and  v.,  sent  on  from  South  Deerfield,  Mass. ;  VI.,  sent  on  from  South  Sudbury, 
Mass.] 


Per  Cext. 

I. 

n. 

ni. 

IV. 

V. 

VI. 

Moisture  at  100^  C,    . 
Phosphoric  acid, . 
Potassium  oxide. 
Insoluble  matter, 

12.32 

1.42 

6.40 

10.27 

10.17 
1.61 
5.21 

2.05 
1.79 

4.64 

2.33 
1.54 
6.09 

13.65 
1.46 
4.68 

88.28 

.90 
4.09 
9.79 

•N 

ot  detern 

lined. 
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5.     Analyses,  etc.  —  Continued. 

Wood  AsJies. 

p. and  XL,  sent  on  from  Waltham,  Mass.;  III. and  IV^,  sent  on  from  Northfield, 
Mass. ;  y .,  sent  on  from  Sunderland,  Mass. ;  VI.,  sent  on  from  South  Hadley, 
Masi.] 


Moisture  at  100°  C, 
Phosphoric  acid, . 
Potassiam  oxide, 
Insoluble  matter, 


II. 


IV. 


11.75 

9.25 

12.20 

6.26 

20.60 

1.71 

1.38 

1.33 

1.33 

1.56 

6.10 

4.32 

6.18 

4.65 

4.78 

_♦ 

23.78 

17.16 

24.44 

_♦ 

VI. 


2.3.5 
1.71 
3.46 


Wood  Ashes, 

[I.,  sent  on  from  South  Sudbury,  Mass. ;  II.,  sent  on  from  South  Framin$rham, 
Mass. ;  III.,  sent  on  from  South  Amherst,  Mass. ;  IV.,  sent  on  from  Concord, 
Mass. ;  V.,  sent  on  from  North  Hadley,  Mass. ;  VI.,  sent  on  from  "West  North- 
field,  Mass.] 


Per  Cent. 

I. 

II. 

m. 

rv. 

V. 

VI. 

Moisture  at  100°  C,    . 
Phosphoric  acid, . 
Potassium  oxide, 
Insoluble  matter, 

11.77 
1.44 
6.20 

19.40 

3.23 
1.26 
4.12 

17.20 
1.66 
4.24 

13.06 

10.38 
1.28 
6.76 

11.41 
1.62 
6.12 
9.34 

18.30 
1.40 
6.2') 
8.87 

Wc 

>od  Ash 

es. 

[I.  and  II.,  sent  on  from  Beverly,  Mass. ;  III.,  sent  on  from  Lawrence,  Mass. ;  IV., 
sent  on  from  Danvers,  Mass. ;  V.,  sent  on  from  Lunenburg,  Mass. ;  VI.,  sent  on 
from  Arlington,  Mass.] 


Per  Cexti. 

I.      1     n. 

lU. 

IV. 

V. 

VI. 

Moisture  at  100°  C,    . 
Phosphoric  acid, . 
Potassium  oxide, 
Insoluble  matter. 

2.62 
1.28 
4.73 

6.10 
1.64 
6.84 
8.85 

19.62 
1.50 
6.04 

12.48 

10.87 

.66 

6.32 

20.22 

18.73 
1.02 
8.71 

10.94 

7.05 

1.36 

6.81 

28.82 

•  N 

ot  determ 

tned. 
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5.     Analyses,  etc.  —  Continued. 


Wood  Ashes. 

[I.,  Bent  on  from  Bemardston,  Mass. ;  II.,  sent  on  from  Concord,  Mass. ;  III.,  sent 
on  from  Amherst,  Mass. ;  IV.,,  sent  on  from  Methnen,  Mass. ;  Y .  and  Y I.,  sent 
on  from  Concord,  Mass.] 


Per  Cent. 

I.      1     n. 

in. 

IV. 

V. 

VI. 

Moisture  at  100°  C,    . 
Phosphoric  acid, . 
Potassium  oxide, 
Insoluble  matter, 

20.68 
1.36 
3.68 
9.80 

12.32 
1.42 
6.40 

10.27 

7.67 
1.60 
8.60 
8.48 

15.39 
1.80 
4.60 

13.60 
1.18 
6.39 

17.48 

17.80 
1.36 
6.75 

10.36 

[AJ 

Wood  Ash 
11  sent  on  from  Con 

ss. 

cord,  Mass.] 

Prr  Cknt. 

I. 

n. 

m. 

Moisture  at  100°  C,   . 
Phosphoric  acid, 
Potassium  oxide, 
Insoluble  matter. 

. 

. 

16.22 
1.07 
6.07 

12.46 

21.36 

1.20 
3.66 

19.48 

.98 

6.08 

S.90 

CoUon-huU  Ashes, 

[T.,  sent  on  from  North  Hadlej,  Mass. ;  II.  and  III.,  sent  on  from  Hatfield,  Mass. ; 
lY.,  sent  on  from  Snnderland,  Mass.] 


Pkb  Cent. 

I. 

n. 

ni. 

IV. 

Moisture  at  100°  C 

Phosphoric  acid, 

Potassium  oxide, 

Insoluble  matter, 

8.72 

9.40 

26.50 

6.08 

9.46 

9.96 

26.48 

11.00 

6.84 

16.40 

7.89 

6.46 

26.36 

•  Not  deterB 

dined. 
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5.     Analyses,  etc.  —  Continued, 
Lime-kiln  Ashes. 


[I.,  Bent  on  from  Sunderland,  Mass. ;  II.  and  III.,  sent  on  from 

Amherst,  Mass  ] 

Per  Cent. 

I. 

n.     1    m. 

Moisture  at  100°  C, 

Phosphoric  acid, 

Potassium  oxide, 

Calcium  oxide, 

Insoluble  matter, 

.68 

1.48 
6.20 

24.09       15.01 

1.67          .77 

1.67          .77 

86.69      15.^ 

11.76        8.31 

1 

*  Not  determined. 


SwiU  Ashes  {from  Cremation  Furnace). 
[Sent  on  from  Amherst,  Mass.] 


Per  Cext. 


ra. 


IV. 


V. 


VI.      \n. 


Moisture  at  100°  C, 
Potassium  oxide, 
Phosphoric  acid. 
Insoluble  matter, 


2.43 

1.59 
20.89 
17.93 


19.46 
1.78 
5.22 

30.81 


12.48 
3.35 
6.50 

31.64 


.37 

4.27 

12.97 

34.91 


7.67 

3.96 

18.92 

19.96 


14.24 
6.09 
6.86 

37.76 


8.05 

4.92 

13.22 

24.52 


Lime  and  Ashes. 

[Sent  on  from  Boston,  Mass.] 

Par  Cent. 

Moisture  at  100°  C, 65 

Calcium  oxide, 67.17 

Potassium  oxide, 77 

Phosphoric  acid, 1.02 

Insoluble  matter. 13.86 

Coal  Ashes. 

[Sent  on  from  Framingham.] 

PwCmt 

Moisture  at  100°  C, 82.87 

Potassium  oxide, 42 

Phosphoric  acid, 87 

Nitrogen .^ 

Insoluble  matter, S4.52 
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5.     Analyses,  etc.  —  Continued, 

Refuse  Materials, 

[I.,  refuse  from  calico  works,  sent  on  from  Seekonk,  Mass. ;  II.,  hair  waste,  sent  on 
from  Concord,  Mass. ;  III.  and  IV.,  cotton  waste,  sent  on  from  Concord,  Mass. ; 
v.,  wool  waste,  sent  on  from  Lawrence,  Mass.] 


Moisture  at  100^  C, . 
Phosphoric  acid, 
Potassium  oxide, 
Nitrogen,  . 


Pkr  Ckxt. 


I. 

n. 

ni. 

IV. 

4.07 

72.81 

10.01 

10.98 

11.95 

.61 

.81 

1.80 

_ 

.82 

1.20 

1.51 

4.28 

1.79 

8.48 

9.88 

2.23 

.38 

8.50 

.96 


Muck, 
[Sent  on  from  North  TVilbraham,  Mass. ;  I.,  light  colored ;  II.,  dark  colored.] 

Pbr  Cent. 


Moisture  at  100^  C, 
Calcium  oxide, 
Potassium  oxide. 
Phosphoric  acid, 
Nitrogen, 
Insoluble  matter, 


58.06 
.78 
.05 
.04 
.52 

88.85 


80.42 
.22 
.06 
.05 
.44 
6.06 


Muck. 
[I.,  sent  on  from  South  Amherst,  Mass. ;  II.,  sent  on  from  Plymouth,  Mass. ;  III., 


sent  on  from  Miller's  Falls,  Mass.] 

Peb  Cbwt. 

I 

n. 

m. 

Moisture  at  100^  C, 

Ash, 

Nitrogen, 

70.02 

11.54 

.69 

61.53 

80.05 

.48 

76.75 
4.88 

.40 

Soot, 

[Sent  on  from  South  Lancaster,  Mass.] 

Per  Cent. 

Mdsture  at  100°  C, 5.89 

Potassium  oxide, 52 

Phosphoric  acid, 90 
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5.     Analyses,  etc.  —  Continued. 

Eesidue  from  Water  Filter. 
[Sent  on  from  East  Walpole,  Mass.] 

Percent 

Moisture  at  100"  C, 94.22 

Phosphoric  acid, (Jo 

Nitrogen, 12 


Vegetable  Mould. 

[Sent  on  from  Springfield ,  Mass.] 

Per  Cmt. 

Moisture  at  100°  C^. 77.64 

Nitrogen, 30 


Soot. 
[Sent  on  from  Lynn,  Mass. ;  I.,  black ;  11.,  brown.] 


Moisture  at  100°  C, 
Phosphoric  acid. 
Potassium  oxide, 
Nitrogen, 


2.09 
.74 
.46 

1.06 


.13 

2.10 

.59 


Barnyard  Manure. 

[Sent  on  from  Hatfield,  Mass.] 

Per  Cent 

Moisture  at  100°  C, 72.080 

Phosphoric  acid, 301 

Potassium  oxide, 641 

Nitrogen, 541 

Insoluble  matter, 2.730 


Goose  Manure. 

[Sent  on  from  Amherst,  Mass.] 

PerCtDt 

Moisture  at  100°  C 49.820 

Phosphoric  acid, 957 

Potassium  oxide, 810 

Nitrogen 213 
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5.    Analyses,  etc.  —  Continued. 

Hen  House  Refuse. 

[Sent  on  from  Fitchbnrg,  Mass.] 

Per  Cent. 

Moisture  at  100°  C, 3.43 

Phosphoric  acid, 1 .  28 

Potassium  oxide, .60 

Nitrogen, .98 

Waste  Lime. 

[Sent  on  from  Amherst,  Mass.] 

Per  Cent 

Moisture  at  100°  C, 80 

Calcium  oxide, 74.12 

Insoluble  matter, .38 


Potash  Magnesia  Sulphate. 
[Sent  on  from  Hatfield,  Mass.] 


Pkr  Ckxt. 

I. 

n.         m. 

Moisture  at  100°  C, 5.34 

Potassium  oxide, 26.80 

4.73 
26.32 

1.19 
27.28 

Muriate  of  Potash. 

[I.  and  II.,  sent  on  from  Sunderland,  Mass. ;  III.,  sent  on  from  Lererett,  Mass. ; 
rv.,  sent  on  from  Hudson,  Mass.] 


Pkr  Ckn't. 

I. 

n. 

m. 

IV. 

Moisture  at  100°  C,      .... 
Potassium  oxide, 

.91 
62.60 

.13 
49.00 

1.20 
62.60 

1.06 
61.16 
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5.     Analyses,  etc.  —  Continued. 

Florida  Phosphate. 

[1.,  soft  variety,  sent  on  from  Boston,  Mass.;  II.,  sent  on  from  Brookline,  Mass.; 
III.,  sent  on  from  South  Hadlej  Falls,  Mass. ;  IV.,  soft  variety,  sent  on  from 
Sooth  Chelmsford,  Mass.] 


II. 


III. 


IV. 


Moisture  at  100°  C,      . 
Calcium  oxide. 
Phosphoric  acid,   . 
Feme  and  aluminic  oxides, 
Potassium    xide,  . 
Insoluble  matter,  . 


3.35 
80.22 
19.94 

9.96 

.29 
30.86 


1.20 
32.80 
24.49 

6.93 

23.91 


8.69 
20.79 

25.48 


9.03 

_• 

18.54 
26.65 


*  Not  determined. 


Tankage. 

[I.,  n,,  III ,  IV.  and  v.,  sent  on  from  Boston,  Mass. ;  VI.,  sent  on  from  Concord, 

Mass.] 


Per  Cext. 

^• 

II. 

Ill       1      IV. 

V. 

VI. 

Moisture  at  100°  C,    . 
Phosphoric  acid, . 
Nitrogen,     . 

9.24 

10.84 
6.94 

9.28 

12.28 

8.27 

14.95 

10.23 

8.72 

9.01 

12.60 

8.26 

6.27 

11.23 

7.51 

10.38 
4.03 
9.16 

Fish   Waste. 

[I ,  II.  and  III.,  sent  on  from  Gloucester,  Mass. ;  IV.  and  V.,  sent  on  from  Boston, 

Mass.] 


Moisture  at  100°  C, . 
Phosphoric  acid, 
Nitrogen,  . 


10.37 

8.96 

10.80 

6.17 

5.38 

11. U8 

6.86 

11.90 

9.12 

20.71 

15.91 

5.97 

11.95 

18.93 

7.69 
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5.     Analyses,  etc.  —  Continued. 

Ground  Bone. 

[I.,  sent  on  from  West  Berlin,  Mass. ;  II.,  III.,  IV.  and  V.,  sent  on  from  Lincoln, 

Mass.] 


Per  Cknt. 

I. 

II. 

III. 

IV. 

V. 

Moisture  at  100°  C, 
Total  phosphoric  acid,     . 
Available  phosphoric  acid. 
Insoluble  phosphoric  acid, 
Nitrogen, 

4.97 

16.81 

16.71 

.10 

2.82 

3.76 
28.78 

3.60 

4.31 
28.66 

8.64 

4.04 
26.64 

4.21 

3.64 
20.98 

8.23 

On 

mnd  Be 

me. 

[I.,  sent  on  from  Salisbury,  Mass. ;  II.,  sent  on  from  Townsend  Harbor,  Mass. ; 
III.,  sent  on  from  West  Newbury,  Mass. ;  IV.,  dissolved  bone,  sent  on  from 
Lancaster,  Mass.] 


Pk»  Ceut. 


n. 


III. 


IV. 


IVloisture  at  100°  C,      . 
Total  phosphoric  acid, 
Available  phosphoric  acid,  . 
Insoluble  phosphoric  acid,  . 
Nitrogen,      .... 

Mechanical  Analysis. 

Fine  bone,     .... 
Fine  medium  bone, 
l^edium  bone, 
Coarse  medium  bone,  . 


34.66 
11.42 

_♦ 
4.04 


6.84 

27.90 

26.61 

1.39 

2.87 


39.27 

32.43 

26.00 

8.30 


8.95 

26.65 

21.75 

4.80 

2.09 


58.36 
25.95 
16.70 


8.79 

14.12 

13.61 

.61 

.69 


_♦ 


100.00 


100.00 


*  Not  determined. 

Cottonseed  Meal. 

[I.  and  II.,  sent  on  from  Hatfield,  Mass. ;  III.,  sent  on  from  Hadley,  Mass.  (dam- 
aged) ;  IV.,  sent  on  from  Amherst,  Mass.] 


1 

I. 

Pkh  Tkwt. 

II. 

III. 

IV. 

Moisture  at  100®  C  ,      .... 
Total  phosphoric  acid, 

Potassium  oxide, 

Nitrogen, 

8.75 
2.12 
1.61 
7.70 

8.23 
8.08 
1.94 
7.17 

12.67 
2.48 
1,66 
5.68 

9.01 
2.11 
2.88 
7.11 
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6.     Analyses,  etc.  —  C(mcUuded. 

Commercial  Fertilizers  {Complete). 

[I.  and  II.,  sent  on  from  Oranby,  Mass. ;  III.,  sent  on  from  Dighton,  Mass. ;  IT., 
sent  on  from  Concord,  Mass. ;  V .,  sent  on  from  Hatfield,  Mass.] 


Pkh  Cent. 

I. 

11. 

III. 

IV. 

V. 

Moisture  at  100^  C.,. 

12.81 

12.46 

8.29 

19.76 

6.20 

Total  phosphoric  acid,     . 

10.62 

9.39 

11.86 

10.69 

2.89 

Soluble  phosphoric  acid,  . 
Revertea  phosphoric  acid, 

.26 

6.99 

6.12 

1,97 

_ 

10.01 

2.43 

4.61 

7.01 

1.66* 

Insoluble  phosphoric  acid, 
Potassium  oxide. 

.36 

.97 

1.13 

1.64 

i.as 

2.78 

10.03 

10.11 

8.78 

11.26 

Nitrogen, 

2.28 

3.66 

8.69 

3.13 

4.06 

•  Available. 

Commercial  Fertilizers  (Complete). 

[I.,  sent  on  from  Hatfield,  Mass. ;  II.,  sent  on  from  Pittsfield,  Mass. ;  III ,  sent  on 
from  Lancaster,  Mass. ;  lY.,  sent  on  from  Hatfield,  Mass. ;  V.,  sent  on  from 
East  Lexington,  Mass.] 


Pkr  Cext. 

I. 

-u. 

III. 

IV. 

V. 

Moisture  at  100°  C, 
Total  phosphoric  acid,      . 
Available  phosphoric  acid. 
Insoluble  phosphoric  acid, 
Potassium  oxide, 
Nitrogen, 

6.61 
6.76 

9.12 
2.60 

11.07 

11.82 

11.31 

.61 

6.26 

3.02 

10.39 
10.64 
8.77 
1.87 
6.86 
2.29 

6.64 
12.62 

_• 

11.82 
6.42 

6.36 
8.37 
6.91 
1.46 
9.44 
2.90 

Not  determined. 


Commercial  Ftrtilizera  {Complete). 

[I.,  sent  on  from  East  Lexington,  Mass. ;  II.,  III.,  IV.  and  Y.,  sent  on  from  East- 
ham,  Mass.] 


Per  Cext. 

I. 

u. 

III. 

IV. 

V. 

Moisture  at  100°  C 

Total  phosphoric  acid,     . 
Available  phosphoric  acid. 
Insoluble  phosphoric  acid, 
Potassium  oxide, 
Nitrogen, 

6.63 
6.94 
4.35 
1.69 
6.08 
2.16 

.76 

27.12 

1.40 

26.72 

1.48 

.06 

19.76 
2.82 
2.30 
.62 
9.00 
1.36 

16.21 
.64 
.64 

9732 
2.18 

9.17 

14.96 

14.70 

.26 

1.61 

.09 
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6.     Miscellaneous  Analyses. 

Cooking  Soda. 

[Sent  on  from  Sonth  Acton,  Mass.] 

Per  Cent. 

Total  carbonic  acid, 48.26 

Available  carbonic  acid, 15.25 

Snlphmic  acid, 81 

Hydrochloric  acid, 23 

Inisoluble  matter, Trace. 

Baking  Powder. 

[Sent  on  from  North  Amherst,  Mass.] 

Per  Cent 

Available  carbonic  acid, 8.40 

Aliuninic  oxide, 8.49 

Phosphoric  acid, 4.76 

Ammonia, .75 

Sulphuric  acid, 5.41 

Calcium  oxide, 6.08 

Soil  Deposit. 

[Sent  on  from  Shirley,  Mass.] 

Per  Cent 

Moisture  at  100®  C 6.13 

Calcium  oxide, .  .38 

Ferric  and  aluminio  oxides, .79 

Potassium  oxide, .18 

Phosphoric  acid, .04 

Insoluble  matter, 83.18 

Soil. 

[Sent  on  from  Gardner,  Mass.] 

Per  Cent. 

Moisture  at  100°  C, 8.33 

Calcium  oxide, .44 

Ferric  and  aluminic  oxides, .        .  1.20 

Potassium  oxide, .18 

Phosphoric  acid, .14 

Nitrogen, 87 

Insoluble  matter, 58.49 
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7.     Miscellaneous  Fodder  Analyses. 

A.     Analyses  of  Food  Articles  (Human  Food). 

Quaker  Self-raising  Buckwheat  Flour. 
[Sent  on  from  Bayenna,  C] 

Per  Cat 

Moisture  at  100°  C, 18.36 

Dry  matter, 86.64 

100.00 
Analysis  of  Dry  Mailer. 

Crude  ash, 5.21 

"     fibre, 42 

"fat 90 

"     protein, 6.85 

Nitrogen-free  extract  matter, 87.12 

100.00 
Hecker*8  Hominy. 

[Sent  on  from  New  York,  N.  Y.] 

Per  Cent 

Moisture  at  100   C, 9.56 

Dry  matter, 90.44 

100.  (» 
Analysis  of  Dry  Matter. 

Crude  ash, 22 

"     fibre, 45 

"fat 88 

"     protein, 9.02 

Nitrogen-free  extract  matter, 89.48 

100.00 
Macaroni  (Royal  Egg  Brand) . 

[Sent  on  from  Minneapolis,  Minn.]  in.   cv  l 

Moisture  at  100°  C, 9.07 

Dry  matter, 90.93 

100.00 
Ajialysis  of  Dry  Matter, 

Crude  ash, - 

"     fibre, S4 

"fat, 67 

"     protein, 12.88 

Niirogen-free  extract  matter, 86.21 

100.00 
Farina  (a  Wlieat  Product) . 

[Sent  on  from  Wilmington,  Dei.]  ivrrv^nt 

Moisture  at  100°  C, 10.65 

Dry  matter, 89, S5 

lOO.OO 


1895.] 


PUBLIC  DOCUMENT  — No.  33. 


389 


7.    Miscellaneous  Fodder  Analyses  —  Continued. 
Analysis  of  Dry  Matter. 

Per  Cent 

Crude  ash, .06 

"     fibre, 74 

"fat, 1.98 

"     protein, 11.62 

Nitrogen-free  extract  matter, 85.60 


Gondeiised  Milk, 
[No.  1,  Milkmaid  Brand;  No.  2,  Eagle  Brand.] 


100.00 


PkkCkht. 

No.L 

No.  3. 

Moisture  at  100°  C, 

24.48 

26.38 

Total  solids, 

75.52 

73.62 

Fat, 

8.95 

7.01 

Cosein, 

9.31 

_♦ 

Milk  sugar, 

13.04 

10.04 

Canesngar, 

37.43 

42.46 

OelcUine. 
[Sent  on  from  Johnstown,  N.  Y.] 


Per  Cknt. 

No.L 

No.  2. 

No.  8. 

Bose- 
colored. 

Moisture  at  100^  C,      .        .        .        . 

Nitrogen, 

Ash, 

15.39 

14.28 

1.40 

15.36 

14.28 

1.48 

13.94 

14.68 

1.88 

14.09 

14.40 

1.74 

Tkacher's  Sugar  of  MUJc  Baking  Pou)der.* 

Per  Cent. 

Available  carbonic  acid, 13.96 

Milk  sugar, 8.80 

PeaniU  Meal. 

[Sent  on  from  Washington,  D.  C] 

Percent. 

Moisture  at  100-  C, 8.00 

Dry  matter, 92.00 

100.00 
♦  Completely  soluble  in  water. 
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7.    Miscellaneous  Fodder  Analyses  —  Contintned. 
Analysis  of  Dry  Matter. 

Percent. 

Grade  afih, 4.29 

"     fibre, 8.76 

"fat, 11.69 

"     protein, 68.26 

Nitrogen-free  extract  matter, 27.00 

100.00 
Ferliliaing  ConstUiients, 

Moisture  at  100®  C, 8.00 

Potassium  oxide, 1.27 

Phosphoric  acid, 1.54 

Nitrogen, T.84 

B.  Analyses  of  Fodder  Articles. 
The  names  of  the  articles  described  below  are  those  given 
by  the  parties  sending  them  for  analysis.  As  the  food 
value  of  concentrated  feed  stuffs  depends  materially  on  the 
amount  of  crude  protein  and  crude  fat  present,  the  analysis 
has  been  confined  in  several  instances  to  the  determination 
of  these  two  constituents. 


[I.,  cotton-seed  meal,  sent  on  from  North  Amherst,  Mass. ;  II.,  ootton-seed 
sent  on  from  Hatfield,  Mass.] 


PKR  CK5T. 

I. 

n. 

Moisture  at  100°  C,     . 
Dry  matter, .... 

8.99 
91.01 

9.45 
90.55 

Afatter. 
titucrUs, 

Analysis  of  Dry 

Crude  ash,    .... 

"     fibre,. 

"     fat 

*«      protein,      . 
Nitrogen-free  extract  matter. 

100.00 

7.10 

6.63 

9.66 

60.84 

27.87 

100.00 

8.99 

^m 

7.83 

100.00 

11.20 
40.92 

Fertilizing  Cons 

Moisture  at  100^  C,     . 
Phosphoric  acid,  . 

9.45 
S.65 

Potassium  oxide, 

Nitrogen, 

2.34 
5.93 

*  Not  determiaecU 
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7.    MiscELi^NEODS  FoDDEB  Analtsbs  —  Continued. 


[I.,  ootton-ned  meal  (nndecarticated),  aent  on  from  Hatfield,  Masa.;  11.,  cotton- 
seed bran,  sent  on  from  New  York,  N.  Y.] 


Pbr  Cent. 

I. 

n. 

Moisture  at  100°  C, 

Dry  matter, 

10.77 

89.23 

10.10 
89.90 

Analysis  of  Dry  Matter, 

Grade  ash,   .        .                

"     fibre, 

"fat, 

"     protein, 

Nitrogen-free  extract  matter, 

100.00 

5.41 
23.69 

100.00 

3.58 
81.09 

3.17 
11.82 
50.34 

Fertilizing  Constituents. 

Moisture  at  100°  C, 

Phosphoric  acid,  ........ 

10.77 
2.04 

100.00 
10.10 

Potassium  oxide, 

Nitrogen, 

2.18 
3.38 

1.70 

[I.,  Chicago  glaten  meal,  sent  on  from  Amherst,  Mass.;  II.,  Chicago  gluten  meal, 
sent  on  from  Boston,  Mass. ;  III.,  King  gluten  meal,  from  station  bam  ] 


Pi»  Cent. 

I. 

n. 

m. 

Moisture  at  100°  C, 

Dry  matter, 

9.38 

90.67 

10.22 

89.78 

7.18 
92.22 

Analysis  of  Dry  Mailer. 
Crude  ash,     ....... 

100.00 
.14 

100.00 

8.74 
43.86 

100.00 
1.60 

"     fibre, 

1.73 

1.41 

"fat, 

"     protein, 

Nitrogen-free  extract  matter,       .        .        . 

4.60 
37.09 
56.44 

19.68 
38.57 
38.84 

100.00 

" 

100.00 

Not  determined. 
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7.    Miscellaneous  Fodder  Analyses  —  OorUinited. 

Atlas  Meal. 

[Dry  diBtillery  feed,  sent  on  from  Peoria,  III.] 

p 

Moisture  at  100^  C. 11.21 

Dry  matter, 88.75 

100.00 
Analysis  of  Dry  Matter. 

Crude  ash, .41 

"     fibre. 11.94 

"fat 15.28 

"     protein, 37.30 

Nitrogen-free  extract  matter,  .        .        .        .        .        .35.07 

100.00 
Fertilizing  Constituents, 

Moisture  at  lOOo  C, 11.21 

Potassium  oxide, .16 

Phosphoric  acid, .23 

Nitrogen, 6.80 

This  article  is  new  in  our  market.  German  experiment 
station  reports  speak  of  two  kinds  of  dry  distillery  feed, 
one  obtained  in  connection  with  the  manufacture  of  alcohol 
from  rye  and  one  from  maize ;  the  former  contains  consider- 
able less  crude  protein  (from  twenty-two  to  thirty  per 
cent.)  than  the  latter  (from  thirty  to  thirty-four  per  cent.). 

[I.,  Buffalo  glnten  feed,  from  station  bam ;  II.,  golden  glnten,  sent  on  from  Boston, 
Mass. ;  III.,  Chicago  maize  feed,  sent  on  from  Boston,  Mass.] 


Peb  Cent. 

I. 

n. 

m. 

Moisture  at  100°  C, 

Dry  matter, 

8.34 

91.66 

9.89 
90.11 

7.19 
92.81 

Analysis  of  Dry  Matter. 
Crude  ash.    ....... 

100.00 
.91 

100.00 

15.78 
29.13 

100.00 
1.06 

♦     fibre, 

"fat, 

"     protein, 

Nitrogen-free  extract  matter. 

8.61 
14.76 
25.09 
50.63 

9.34 

7.39 

27.07 

55.14 

100.00 

- 

100.00 

Not  determined. 
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7.     MiscELLANEODS  FoDDER  ANALYSES  —  Gontinued. 


[I.,  glaten  feed,  sent  on  from  Lincoln,  Mass. ;  II ,  oil  cake,  sent  on  from  Boston, 
Mass. ;  III.,  glnten  feed,  sent  on  from  Ltncoln,  Mass.] 


Per  Cknt. 

I. 

n. 

in. 

Moisture  at  100°  C, 

8.52 

11.01 

8.52 

Dry  matter, 

91.48 

88.99 

91.48 

100.00 

100.00 

100.00 

A?iali/si3  of  Dry  MaUer. 

Crude  ash, 

_♦ 

2.35 

.♦ 

"      fibre, 

_♦ 

8.37 

_♦ 

"fat, 

15.94 

18.32 

14.58 

«*      protein, 

24.21 

25.21 

22.15 

Nitrogen-firee  extract  matter, 

_♦ 

45.75 

_♦ 

- 

100.00 

- 

[I.,  Peoria  glnten  feed,  sent  on  from  Peoria,  III. ;  II.,  Chicago  glnten,  sent  on  from 
Lincoln,  Mass. ;  III.,  glnten  feed,  sent  on  from  Lincoln,  Mass.] 


Pkr  Cent. 

I. 

n. 

m. 

Moisture  at  100°  C, 

7.07 

9.22 

9.79 

Dry  matter,  ....... 

92.93 

90.78 

90.21 

100.00 

100.00 

100.00 

Analysis  of  Dry  Matter, 
Crude  ash, 

1.16 

„• 

_• 

"     fibre, 

8.30 

_♦ 

„♦ 

"fat, 

14.33 

8.98 

9.07 

"     protein, 

22.71 

22.87 

21.00 

Nitrogen-free  extract  matter. 

53.50 

_• 

_• 

100.00 

- 

- 

♦  Not  determined. 
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7.    Miscellaneous  Fodder  Analyses  —  Continued. 

[I.,  oombinafioii  horse  feed,  sent  on  from  Amherst,  Mass. ;  IT.,  com,  oats  and 
harlej  chop,  sent  on  from  Springfield,  Mass. ;  III.,  ground  com  and  oats  chop, 
sent  on  from  Springfield,  Mass. ;  IV.,  Iowa  gluten  meal,  sent  on  from  Amherst, 
Mass. ;  V .,  cotton-seed  meal,  sent  on  from  Amherst,  Mass.] 


Per  Cbmt. 

I. 

n. 

in. 

IV. 

V. 

Moisture  at  100°  C, 

Dry  matter,      .... 

10.84 
89.16 

9.85 
90.15 

7.98 
92.02 

8.31 
91.69 

7.29 
92.71 

Analysis  of  Dry  Matter. 
Crude  ash,        .... 

'*     cellulose, 

"     fat,         .... 

"     protein,  .... 
Nitrogen-free  extract  matter,  . 

100.00 

5.69 
19.92 

1.74 
11.22 
61.43 

100.00 

4.14 

8.48 

5.54 

13.75 

68.09 

100.00 

2.35 

14.62 

3.83 

9.13 

70.07 

100.00 

1.24 

4.52 

10.97 

36.40 

46.87 

100.00 

7.63 

5.91 

8.41 

48.79 

29.26 

100.00 

100.00 

100.00 

100.00 

100.00 

[I.,  Chicago  maize  feed,  sent  on  from  Boston,  Mass. ;  11.,  Peoria  glnten  feed,  sent  on 
from  Peoria,  111. ;  III.,  Buffalo  gluten  feed,  from  station  bam ;  IV.,  wheat  brwa^ 
from  station  bam ;  V.,  barley  meal,  from  station  bam.] 


Per  Cent. 

I. 

n. 

m. 

IV. 

V. 

Moisture  at  100°  C, . 

7.19 

7.07 

9.37 

9.15 

11.17 

Dry  matter,       .... 

92.81 

92.93 

90.63 

90.85 

88.83 

100.00 

100.00 

100.00 

100.00 

100.00 

Afi-alysis  of  Dry  Matter. 

Crude  ash,        .... 

1.06 

1.16 

.86 

6.10 

2.79 

"     cellulose, 

9.34 

8.30 

8.17 

11.06 

8.03 

"     fat, 

7.39 

14.33 

14.71 

6.10 

2.61 

**     protein,  .... 

27.07 

22.71 

23.16 

18.29 

9.99 

Nitrogen-free  extract  matter,  . 

55.14 

53.50 

63.10 

58.45 

76.68 

100.00 

100.00 

100.00 

100.00 

lOO.OO 
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7.    Miscellaneous  Foddeb  Analyses  —  Continued, 

[I.  and  n.,  ootton-seed  meal,  sent  on  from  Longmeadow,  Mass. ;  III.,  ootton-seed 
meali  sent  on  from  WilUamfiborg,  Mass. ;  IV.,  Chicago  germ  feed,  sent  on  from 
Weston,  Mass  ;  V.,  oat  feed,  sent  on  from  North  Amherst,  Mass. :  VI.,  ground 
oats,  sent  on  from  North  Amherst,  Mass.] 


P«K  CXXT. 

I. 

n. 

III. 

IV. 

V. 

VI. 

Moisture  at  100°  C.    . 
Dry  matter, . 

5.87 
94.13 

5.82 
94.18 

6.35 
98.65 

7.35 
92.65 

6.75 
93.25 

8.89 
91.11 

Analysis  of  Dry  Matter, 
Crude  fat,     . 

"     protein,      . 

100.00 

11.56 
50.19 

100.00 

10.85 
47.78 

100.00 

9.30 
51.38 

100.00 

13.18 
11.06 

100.00 

4.83 
11.93 

100.00 

4.52 
11.93 

[I.,  glnten  feed,  sent  on  from  Lincoln,  Mass. ;  II.,  ginten  feed,  sent  on  from  Lincoln, 

Mass.] 


Per  Ckkt. 

I. 

n. 

Moisture  at  100°  C, 

8.52 

8.61 

Dry  matter, 

91.48 

91.39 

100.00 

100.00 

Analysis  of  Dry  Matter, 

Crude  ash, 

_♦ 

_♦ 

"     fibre, 

_♦ 

_• 

"fat, 

14.59 

12.70 

"     protein, 

22.15 

16.81 

Nitrogen-free  extract  matter, 

_♦ 

_♦ 

*  Not  determined. 
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7.     Miscellaneous  Fodder  Analyses  —  Continued. 
[I.,  peanut  cake  (Germany) ;  II.,  peannt  hnsks  from  Amherst,  Mass] 


Pkr  Ckst. 

I. 

n. 

12.98 

- 

87.02 

- 

100.00 

1.36 

. 

75.91 

8—12 

1.90 

42-52 

6.74 

- 

15.09 

- 

lOO.CK) 

12.98 

_ 

.13 

- 

.48 

6—8 

.80 

Moisture  at  100°  C  ,     .        .        .        . 
Dry  matter, 

Analysis  of  Dry  MdUer. 

Crude  ash, 

"      fibre, 

"fat, 

"      protein, 

Nitrogen-free  extract  matter, 

Feriilizijig  Constituents. 

Moisture  at  100°  C  ,     .        .        .        . 
Phosphoric  acid,  .        . 

Potassium  oxide, 

Nitrogen, 


[I.,  Peoria  glnten  feed,  sent  on  from  North  Amherst,  Mass. ;  II.,  King  gluten  meal, 
sent  on  from  New  York,  N.  Y. ;  III.,  Iowa  gluten  meal,  sent  on  from  Beverly, 
Mass. ;  IV .,  rje  feed,  sent  on  from  Westt>orough,  Mass. ;  Y .,  oat  feed,  from  sta- 
tion bam.] 


Pkr  Ckxt. 

I. 

n. 

III. 

r\'. 

V. 

Moisture  at  100°  C.,. 

Dry  matter,       .... 

7.60 

92.50 

6.65 
93.36 

7.33 
92.67 

8.23 
91.77 

6.50 
93.50 

Analysis  of  Dry  Matter. 

Crude  ash,        .... 

"      cellulose, 

"      fat,          .... 

"      protein 

Nitrogen-free  extract  matter,  . 

100.00 

.90 

8.86 

13.62 

21.35 

65.27 

100.00 

2.19 

1.62 

21.44 

86.19 

88.66 

100.00 

16.08 
81.66 

100.00 

3.84 

3.62 

3.04 

16.62 

73.38 

100.00 

10.02 
17.78 
8.95 
11.02 
67.28 

100.00 

100.00 

- 

100.00 

100.00 

*  Not  determined. 
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7.     Miscellaneous  Fodder  Analyses  —  Continued. 


[I.,  peannt  feed,  sent  on  from  Granby,  Mass. ;  II.,  peanut  feed,  sent  on  from  Boston, 

Mass.] 


Moisture  at  100°  C,     . 
Dry  matter,  . 


Analysis  of  Dry  Matter. 
Crude  ash, 

"      fibre, 

"      fat,     . 

"      protein,      .... 
Nitrogen-free  extract  matter, 


Fertiliziyig  Constituents, 
Moisture  at  100°  C,     .        .        .        . 
Phosphoric  acid,  .        ^        .        .        . 

Potassium  oxide, 

Nitrogen, 


9.08 
90.92 


100.00 

2.25 
62.48 

7.61 
10.31 
17.36 


100.00 

9.07 
.23 
.79 

1.60 


10.92 
89.08 


100.00 

8.60 

62.82 

4.49 

9.64 

19.66 


100.00 

10.92 

_♦ 

1.36 


[I.,  meat  meal,  sent  on  from  New  York ;  II.,  German  analysis,  sent  on.] 


Pkr  Ckkt. 


n. 


Moisture  at  100°  C,     . 
Dry  matter, . 


Analysis  of  Dry  Matter. 
Crude  ash, 

**      fibre, 

"      fat, 

"      protein,      .... 
Nitrogen-free  extract  matter, 


Fertilizing  Constituents. 
Moisture  at  100°  C,     .... 

Phosphoric  acid 

Potassium  oxide, 

Nitrogen, 


8.00 
92.00 


100.00 

_♦ 

20.73 
76.16 


8.00 

.73 

.30 

11.21 


12.70 
73.60 


11.70 


*  Not  determined. 


This  meal  is  a  refuse  from  the  manufacture  of  Liebig's 
extract  of  meat.  In  the  process  of  manufacture  it  has  lost 
its  salines,  and  in  feeding  the  meal  these  are  replaced  in  the 
form  of  chemicals. 
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7.    MiscBLLANsons  Fodder  Analyses  —  Continued, 


p.,  late  soja  bean,  station,  cnt  Jnly  10, 1893,  twelve  to  thirteen  inches  high,  not  in 
bloom;  II.,  early  black  soja  bean,  station,  cnt  Jnlj  10,  1893,  sixteen  to  seven- 
teen inches  high,  on  point  of  blooming ;  III.,  early  white  soja  bean,  station,  cot 
Jnly  10, 1893,  fourteen  inches  high,  just  before  blooming;  lY.,  early  white  soja 
bean,  station,  cnt  Jnly  10, 1893,  sixteen  to  seventeen  inches  high,  before  blooming.] 


PEK  CK!fT. 

I. 

n. 

m. 

IV. 

Moisture  at  100°  C,       . 

Dry  matter,    ..... 

Analysts  of  Dry  Matter. 

Grade  ash,     .                ... 

"     cellulose,     .... 

'«     fat, 

"     protein,        .... 
Nitrogen-free  extract  matter, 

Total  nitrogen,       .... 
Amide  nitrogen,     .... 

77.09 
22.91 

100.00 

14.36 
16.47 
8.34 
22.16 
43.67 

100.00 

8.54 
.79 

82.21 

17.79 

100.00 

12.86 
25.06 
3.38 
16.18 
42.52 

100.00 

2.59 
.55 

79.51 
20.49 

100.00 

14.86 
23.41 
2.97 
14.34 
44.92 

100.00 

2.29 
.68 

74.97 
25.08 

100.00 

11.85 
23.23 
2.16 
18.81 
48.95 

100.00 

2.21 
.31 

[I.,  rowen  from  station  bam ;  II.,  carrots,  raised  on  station  grounds ;  m.,  beets, 
raised  on  station  grounds.] 


Pkb  Cbkt. 

I. 

11. 

m. 

Moisture  at  100"  C, 

Dry  matter, 

18.64 
81.36 

88.01 
11.99 

83.71 
16.29 

Analysis  of  Dry  Matter. 

Crude  ash, 

"     cellulose, 

"fat, 

"     protein, 

Nitrogen-free  extract  matter, 

100.00 

7.62 
26.09 

3.28 
14.42 
48.59 

100.00 

7.98 
9.00 
2.03 
7.29 
73.70 

100.00 

6.79 

5.84 

.71 

13.27 

73.39 

Farttlizing  Constituents. 

Moisture  at  100°  C, 

Potassium  oxide, 

Phosphoric  acid, 

Nitrogen, 

Insolm)le  matter, 

100.00 

18.640 

1.682 

.574 

1.876 

1.533 

100.00 

88.010 
.441 
.095 
.140 
.029 

100.00 

83.710 
.463 
.111 
.346 
.111 

1895.J 
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7.     Miscellaneous  Fodder  Analyses  —  Concluded. 

[I.y  potatoes,  station,  raised  on  Plat  1,  Field  C,  with  mnriate  of  potash;  11.,  pota- 
toes, station,  raised  on  Plat  4,  Field  C,  with  sulphate  of  potash ;  III.,  potatoes 
from  station  bam.] 


PKB  CB5T. 


U. 


in. 


Moisture  at  100^  C, 
Dry  matter,  . 


Analysis  of  Dry  Matter, 

Crnde  ash,     .... 

"     fibre,  .... 

"     fat 

"     protein, 
Nitrogen-free  extract  matter. 


Starch,  .... 
Starch  in  dry  matter,    . 


Fertilizing  Constituents. 

Moisture  at  100°  C, 
Calcimn  oxide, 
Magnesimn  oxide, 
Potassinm  oxide, 
Sodium  oxide, 
Phosphoric  acid, 
Nitrogen, 
Insold)le  matter, 


80.71 
19.29 


81.17 
18.88 


78.67 
21.33 


100.00 


4.71 

2.26 

.64 

10.98 

81.61 


100.00 


4.64 

2.86 

.42 

10.06 

82.63 


100.00 


4.76 

2.30 

.62 

9.66 

82.76 


100.00 

18.44 
69.66 


80.710 
.018 
.044 
.607 
.029 
.066 
.338 
.026 


100.00 

13.16 
70.81 


81.170 
.020 
.041 
.663 
.024 
.048 
.303 
.048 


100.00 


78.670 


.689 

.134 
.326 
.036 


*  Not  determined. 


Apple  Pomace. 
[Sent  on  from  Sherbom,  Mass.] 


Moisture  at  100°  C, 
Dry  matter,   . 


Per  Cent. 

87.61 
12.49 


Analysis  of  Dry  Matter, 
Crude  ash, 

"     fibre, 

"fat, 

"     protein 

Nitrogen-free  extract  matter,       .        .        .        . 


100.00 


3.86 

21.67 

6.93 

6.76 

63.29 


100.00 
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C,    Discussion  on  Commercial  Feed  Stuffs. 
By  C.  a.  Goessmann. 

The  name  commercial  feed  stuff  or  concentrated  commer- 
cial feed  stuffs  is  usually  applied  to  a  class  of  substances 
offered  for  sale  in  our  markets  which,  in  the  majority  of 
cases,  are  the  waste  or  by-products  of  other  branches  of  in- 
dustry. Some  of  these  articles,  as  brans,  middlings  and  oil 
cakes,  have  been  for  years  quite  generally  used  in  the  daily 
diet  of  all  kinds  of  farm  live  stock ;  others,  as  the  gluten 
meal,  gluten  feed,  corn  germ  meal,  dried  brewers'  grain, 
malt  sprouts,  dry  distillery  feed,  etc.,  have  been  but  recently 
more  generally  offered  for  a  similar  purpose. 

Their  importance  as  an  additional  valuable  fodder  supply 
for  the  support  of  every  branch  of  animal  industry  on  the 
farm  and  elsewhere  has  become  from  year  to  year  more  con- 
spicuous, on  account  of  a  marked  increase  of  the  supply  of 
well-known  articles,  as  well  as  of  the  introduction  of  many 
new  kinds.  Their  consumption  is  apparently  daily  increas- 
ing, and  seems  to  keep  step  with  the  supply. 

The  special  value  claimed  for  commercial  feed  stuffs  as  an 
important  source  of  fodder  supply  rests  in  the  main  on  their 
fitness  to  supplement  advantageously  our  coarse  home-raised 
fodder  crop  in  the  interest  of  a  higher  feeding  effect  and  of 
a  better  economy.  A  frequently  good  mechanical  condition, 
as  well  as  an  exceptionally  valuable  chemical  composition, 
adapt  many  of  them  in  a  high  degree  for  that  purpose. 

As  no  single  farm  crop  or  any  part  of  it  has  been 
found  to  supply  economically  and  efficiently  to  any  consid- 
erable extent  the  particular  wants  of  food  of  our  various 
kinds  of  farm  live  stock,  to  secure  the  best  possible  results, 
it  becomes  a  matter  of  first  importance  from  a  mere  finan- 
cial stand-point  to  know  how  to  supplement  our  current 
fiirm  crops  to  meet  the  wants  of  each  kind  of  animals  under 
various  circumstances  in  a  desirable  degree.  To  secure  the 
highest  feeding  effect  of  each  fodder  article  raised  upon  the 
farm  is  most  desirable  in  the  interest  of  good  economy. 

Practical  experience  in  the  dairy  has  thus  far  abundantly 
shown  that  the  efficiency  of  a  daily  diet  does  not  so  much 
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depend  on  the  mere  use  of  more  or  less  of  one  or  the  other 
reputed  fodder  article  as  on  the  presence  of  suitable  fodder 
articles  which  contain  the  three  essential  groups  of  food  con- 
stUuentSj  i.  e.,  organic  nitrogenous^  non-nitrogenous  and 
mineral  consiUuerUs  of  plants^  in  a  desirable  form,  and  in 
such  relative  proportions  and  quantities  as  have  been  recog- 
nized to  be  necessary  to  meet  efficiently  the  food  supply  of 
the  dairy  cow.  Similar  relations  are  known  to  exist  in  re- 
gard to  the  diet  best  adapted  in  case  of  all  kinds  of  animals. 
An  economical  system  of  stock  feeding  has  to  select  among  the 
suitable  fodder  articles  those  which  furnish  the  required  quaU 
ity  and  proportion  of  the  three  recognized  essential  food  con- 
stituents  in  a  digestible  form^  at  the  lowest  cost. 

Actual  observations  in  stock  feeding  ftilly  confirm  the 
correctness  of  the  above  statement,  that  a  judicious  selec- 
tion from  among  the  current  commercial  feed  stuffs,  for  the 
purpose  of  serving  in  connection  with  one  or  more  of  our 
home-raised  fodder  plants  as  a  fodder  ingredient  of  the  daily 
diet,  does,  as  a  rule,  tend  not  only  to  improve  their  food 
value,  but  also  lowers  in  the  majority  of  cases  the  net  cost 
of  the  feed  consumed.  For  more  details  regarding  the  de- 
termination of  the  intrinsic  value  of  fodder  rations  I  have  to 
refer  on  the  present  occasion,  for  obvious  reasons,  to  preced- 
ing annual  reports. 

The  mjajority  of  commercial  feed  stuffs  occupy  in  a  rational 
system  of  stock  feeding  a  similar  position  to  our  home-raised 
fodder  crops  as  is  commonly  conceded  to  the  commei'cial 
fertilizer  with  reference  to  the  barn-yard  manure  for  the  pro- 
duction  of  farm  ci'ops;  they  serve  for  the  preparation  of  a 
complete  diet  under  different  conditions  and  for  different  pur- 
poses. The  individual  merits  of  each  of  them  become  in 
the  same  degree  better  appreciated  as  the  principles  which 
govern  animal  nutrition  are  more  generally  understood,  and 
find  a  due  recognition  in  our  modes  of  compounding  the 
daily  diet  for  different  kinds  as  well  as  for  different  condi- 
tions of  the  same  kind  of  animals.  They  are  as  a  class  to- 
day considered  indispensable  for  a  remunerative  management 
of  every  branch  of  animal  industry  on  the  farm  and  dsewhere. 

Many  of  the  commercial  feed  stuffs  contain,  aside  from  a 
liberal  amount  of  phosphoric  acid  and  potash,  an  exception- 
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ally  large  percentage  of  nitrogen.  This  circumstance  gives 
them  a  special  claim,  independent  of  their  respective  food 
value  for  animals.  A  liberal  addition  of  these  feed  stuffs  to 
the  daily  diet  of  any  kind  of  animal  imparts  to  the  manarial 
refuse  resulting  fipom  their  use  a  corresponding  higher  com- 
mercial and  agricultural  value  as  a  valuable  source  of  pbiDt 
food.  A  judicious  and  liberal  introduction  of  a  quite  nu- 
merous class  of  commercial  feed  stuffs  into  the  daily  fodder 
supply  of  the  animals  kept  on  the  £9.rm  is  for  this  reason 
deservedly  recommended  as  a  safe  and  economical  way  to 
increase  the  home  production  of  plant  food  in  the  interest 
of  an  increase  in  the  fertility  of  the  farm  lands. 

As  the  financial  success  of  a  mixed  system  of  farming  in 
particular  depends  to  a  considerable  degree  on  the  character, 
the  amount  and  the  cost  of  production  of  the  manurial  refuse 
secured  in  connection  with  the  special  farm  industry  carried 
on  at  the  time,  it  se^ms  to  need  no  further  argument  to 
prove  that  the  relation  which  exists  between  the  temporary 
market  cost  of  the  particular  feed  stuff  under  consideration 
and  the  market  value  of  the  manurial  elements  which  it  con- 
tains deserves  a  serious  consideration  when  devising  an  effi- 
cient and  at  the  same  time  an  economical  diet. 

The  character  and  commercial  value  of  the  manurial  refuse 
obtainable  from  any  kind  of  feed  stuff,  under  otherwise  cor- 
responding conditions,  stand  in  a  direct  relation  to  more  or 
less  of  the  different  essential  fertilizing  constituents  —  phos- 
phoric acid,  potash  and,  in  particular,  nitrogen — it  contains. 
The  commercial  value  of  these  three  important  articles  of 
plant  food  found  frequently  in  prominent  commercial  feed 
stuffs  equals  in  many  instances  more  than  one-half  of  the 
market  cost  of  the  particular  fodder  ingredient  in  question. 

The  subsequent  tabular  statement  may  serve  as  an  illus- 
tration of  these  relations  between  market  cost  and  fertilizing 
value  of  some  current  reputed  fodder  articles :  — 
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NAME  OP  FEED  STUFFS. 


Com  meal, 

Gluten  meal  (Chicago), 
Chicago  maize  feed, 
Buffalo  gluten  feed, 

Cotton-seed  meal 

Linseed  meal  (old  process), . 
Linseed  meal  (new  process), 
Wheat  middlings, .... 

Wheat  bran, 

Dried  brewers^  grain,    . 

English  hay  (first  cut  of  meadows), 

Rowen  (second  cut  of  meadows), 

Com  fodder, 

Com  stover,  ..... 
Com  ensilage,       .... 

Sugar  beets, 

Mangold  roots,      .... 


Market  Cost 

MannrlAl  Yolae 

(per  Ton). 

(per  Ton), 

•24  00 

•7  31 

28  00 

14  72 

26  00 

13  26 

23  00 

12  67 

28  00 

23  62 

26  00 

19  22 

27  00 

20  37 

17  00 

9  60 

17  00 

13  23 

28  00 

9  96 

16  00 

6  92 

16  00 

7  00 

7  00 

4  66 

6  00 

3  76 

2  60 

1  63 

6  00 

1  21 

4  00 

1  01 

The  above-stated  market  cost  is "  subject  to  periodical 
changes,  and  the  commercial  value  of  their  fertilizing  con- 
stituents varies  more  or  less  with  the  quality  of  each  kind. 
This  feature  does  not  affect  materially  the  force  of  the  point 
made. 

A  due  appreciation  of  the  previously  pointed  out  fevora- 
ble  features  regarding  the  peculiar  character  of  a  numerous 
class  of  commercial  feed  stuffs  has  caused  a  steady  increase 
in  their  consumption  on  the  farm  and  elsewhere.  The  money 
invested  hy  farmers  for  securing  commercial  feed  stuffs  as  an 
additional  food  supply  for  home  consumption  exceeds  to-day 
many  times  the  amount  spent  for  commercial  fertilizers. 

As  no  single  commercial  feed  stuff  can  be  expected  to 
meet  our  present  demand  for  these  articles,  nor  can  claim 
to  be  the  most  economical  one  under  varying  market  condi- 
tions, and  with  due  appreciation  of  the  varying  character  of 
our  home-raised  fodder  supply,  it  is  but  proper  that  every 
new  addition  in  suitable  kinds  should  receive  a  deserved 
attention,  and  subsequently  an  actual  trial  to  ascertain  its 
individual  merits. 

A  considerable  number  of  these  feed  stuffs  has  already 
been  tried  at  this  station  during  past  years,  in  connection 
with  our  feeding  experiments  with  milch  cows,  growing 
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steers,  Iambs  and  pigs,  as  may  haFe  been  noticed  in  our 
periodical  reports ;  others  are  at  present  on  trial. 

Commercial  feed  stuffs  are  usually  bought  for  their  high 
percentage  of  either  nitrogen-containing  organic  matter  or 
fat,  or  both.  They  are  used  to  enrich  the  daily  diet  of 
various  kinds  of  farm  live  stock  in  both  directions.  This 
course  is  generally  adopted  on  account  of  a  well-known 
deficiency  of  most  of  our  home-raised  coarse  fodder  articles 
in  regard  to  both  food  constituents,  in  particular,  of  nitroge- 
nous matter.  Farmers  that  do  not  raise  a  liberal  proportion 
of  clover-like  fodder  plants  are  in  a  particular  degree  in  need 
of  concentrated  commercial  feed  stuffs  rich  in  nitrogenous 
food  constituents  to  tui*n  the  excess  of  the  non-nitrogenous 
food  constituents  which  most  of  our  current  home-raised 
coarse  fodder  articles  contain  to  the  best  possible  account. 

The  liability  of  pecuniary  losses  on  the  part  of  the  buyer^ 
in  consequence  of  exceptional  variations  in  the  percentage  of 
nitrogenous  organic  matter  j  crude  protein  or  fat  y  or  of  both^ 
is  quite  frequently  greatly  aggravated  by  most  unexpected 
serious  fluctuations  in  the  Tnarket  cost  of  leading  feed  stuffs. 

As  we  buy  in  the  majority  of  cases  the  concentrated  com- 
mercial feed  stuffs  on  account  of  their  large  proportion  of 
nitrogen-containing  food  constituents,  it  becomes  of  special 
interest  to  know  at  what  cost  a  given  quantity  of  nitrogen- 
containing  food  constituents  can  be  bought  in  the  form  of  dif- 
ferent feed  stuffs  equally  well  adapted  under  existing  cir- 
cumstances. A  change  in  the  market  cost  of  one  and  the 
same  commercial  feed  stuff  affects  the  cost  of  the  nitrogen- 
containing  food  constituent  in  particular,  as  its  supply  is 
more  limited  than  that  of  the  non-nitrogenous  food  constit- 
uents which  our  home-raised  coarse  fodder  articles  contain, 
as  a  rule,  in  abundance,  and  which,  therefore,  need  not  be 
secured  from  outside  resources  for  cash. 

The  subsequent  tabular  statement  assumes  a  constant  cost 
of  digestible  non-nitrogenous  food  constituents,  —  sugar, 
starch,  fat,  etc., — and  shows  thereby  the  variations  in  the 
cost  of  digestible  nitrogen-containing  food  constituents  in 
case  of  some  prominent  concentrated  commercial  feed  stuffs 
in  our  local  market. 
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The  majority  of  analyses  stated  are  made  of  fodder  articles 
which  have  been  used  either  during  the  past  years  in  connec- 
tion with  some  of  our  feeding  experiments,  or  have  been 
raised  upon  the  grounds  of  the  station.  Some  articles  sent 
on  by  outside  parties  are  added,  on  account  of  the  special 
interest  they  may  present  to  others. 


Valuation  of  Fodder  Articles  on  'the  Following  Basis. 

[Digestible  oelluloBe  and  nitrogen-free  extract  matter,  1  cent  per  pound ;  digestible 
fat,  2\  cents  per  pound.  The  value  of  digestible  protein  determined  the  difference 
of  the  sum  of  both  and  the  market  cost  of  the  fodder  articles.  (Calculation  is 
based  on  dry  matter,  2,000  pounds.)] 


Market  Ck>st. 


Protein 

per  Pound 

(CenU). 


Com  meal,    . 
Com  meal,    . 
Com  meal,    . 
Com  meal,    . 
Wheat  middlings, 
Spring  wheat  bran. 
Winter  wheat  bran, 
Chicago  maize  feed,     . 
Dried  brewers'  grain,  . 
Old-process  linseed  meal, 
New-process  linseed  meal, 
Chicago  gluten  meal,  . 
Cotton-seed  meal, 
English  hay, 
English  hay, 
Rowen, .... 
Rowen, .... 
Com  stover,* 
Com  ensilage,*     . 
Mangold  roots,*   . 
Sagar  beets,* 


131  00 
29  00 
24  00 
23  00 

20  00 
19  00 

21  00 
23  00 

22  00 

26  00 

27  00 

28  00 
28  00 
12  00 
16  00 
12  00 
16  00 

6  00 
2  60 
8  00 
6  00 


6.88 
6.84 
3.24 
2.72 
3.13 
3.04 
3.93 
2.34 
3.37 
2.20 
2.68 
2.46 
2.34 
1.36 
4.12 
1.21 
3.24 


*  The  value  of  the  digestible  cellulose,  nitirogen-free  extract  matter  and  fat,  on 
the  above  basis,  exceeds  the  market  cost. 

The  present  condition  of  the  trade  in  commercial  concen- 
trated feed  stuffs  deserves  the  serious  attention  of  dealers 
and  consumers  for  the  following  reasons :  — 

Prices  are  apt  to  rise  and  to  fall  icithout  any  reference  to 
the  agricultural  value  of  the  article  in  question. 

Names  may  remain  the  same^  and  in  fact  do  remain  in 
some  instances^  while  the  composition  of  the  article  suffers 
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serious  changes  in  consequence  of  changes  in  the  parent 
industry. 

Sales  without  due  responsibility  regarding  the  particular 
quality  of  the  goods  delivered  leave  the  pecuniary  risk  in- 
volved in  the  transaction  in  an  objectionable  degree  on  the 
side  of  the  buyer. 

Unaccounted-for  variations  in  the  composition  of  feed  stuffs 
must  prove  a  serious  obstacle  in  the  desirable  introduction  of 
a  rational  and  economical  system  of  stock  feeding. 

For  these  and  other  reasons  previously  poirUed  out  it  cannot 
be  claimed  that  the  prevailing  mode  of  selling  and  buying 
commercial  feed  stuffs  rests  on  a  just  and  fairly  equitabk 
basis. 

The  trade  in  commercial  feed  stuffs  is  to-day  in  a  similar 
unsatisfactory  condition  as  was  the  trade  in  commercial  fer- 
tilizers  before  the  introduction  of  a  system  of  State  inspection 
in  regard  to  those  articles. 

The  best  interests  of  both  manufacturers  and  farmers,  in 
fact  of  every  one  who  keeps  live  stock  for  his  acconmiodar 
tion,  render  such  changes  desirable  in  the  present  mode  of 
selling  and  buying  feed  stuffs  as  will  impose  mutual  and 
equitable  responsibility  on  all  parties  interested  in  the 
transaction.  The  limited  margins  for  profit  in  every  branch 
of  animal  industry  carried  on  at  our  farms  necessitate  a 
careful  attention  to  all  the  details  of  the  business.  The 
money  interests  involved  are  of  an  exceptional  magnitude. 
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Analyses  op 

Milk 

SENT   ON  FOR   EXAMINATION. 

[Per  Cent.] 

bomber  of 
Samples. 

SoUds. 

Fat 

SoUds  not 
Fat. 

Locality. 

Remarks. 

1. 

12.50 

3.69 

8.81 

Northborough. 

2. 

12.13 

4.27 

7.86 

Westborough. 

3, 

12.19 

4.60 

7.69 

Westborough. 

4,     . 

11.62 

4.26 

7.37 

Westborough. 

6, 

12.20 

3.39 

8.81 

Westborough. 

6, 

13.18 

4.23 

8.95 

Westborough. 

7, 

12.66 

3.36 

9.06 

New  Braintree. 

8, 

12.78 

4.06 

8.78 

Westborough. 

9. 

14.31 

6.08 

9.28 

North  Amherst. 

10, 

12.85 

3.61 

9.34 

Barre. 

11. 

10.20 

2.10 

8.10 

Barre. 

12, 

12.12 

3.64 

8.48 

Barre. 

13, 

12.60 

3.71 

8.89 

Barre. 

14, 

12.61 

3.71 

8.90 

Barre. 

15, 

13.04 

4.19 

8.86 

Barre. 

16, 

11.64 

3.42 

8.12 

Barre. 

17, 

• 

12.71 

3.82 

8.89 

New  Braintree. 

18, 

12.10 

3.26 

8.86 

New  Braintree. 

19. 

10.76 

2.13 

8.68 

New  Braintree. 

20,        . 

11.16 

2.88 

8.27 

New  Braintree. 

21,        . 

12.18 

3.65 

8.63 

New  Braintree. 
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Analyses  of  Milk  seiw  on  for  Examination — Conduded, 


Number  of 
Samplefl. 


Solids. 


Fat 


Solids  not 
FaL 


LocaUtj. 


Bcataitt. 


22, 
23, 
24, 
25, 
26. 
27, 
28, 
29, 
30, 
31, 
32. 
33, 
34. 
85. 
36, 
37, 
38, 
89, 
40, 


13.30 
12.52 
12.59 
13.78 
18.39 
10.99 
11.38 
11.53 
10.63 
11.14 
12.03 
13.01 
11.08 
11.68 
12.90 
17.20 
12.83 
12.14 
12.25 


3.65 
8.18 
8.68 
4.87 
4.13 
2.50 
3.00 
3.00 
2.10 
2.90 
3.30 
4.60 
2.80 
3.20 
3.60 
7.90 
4.06 
8.66 
3.61 


9.65 
9.84 
8.91 
9.41 
9.26 
8.49 
8.38 
8.53 
8.53 
8.24 
8.78 
8.41 
8.28 
8.48 
9.80 
9.30 
8.77 
8.48 
8.64 


New  Braintree. 

New  Brajntree. 

New  Braintree. 

New  Braintree. 

New  Braintree. 

Westborough. 

Westborough. 

Westborough. 

Westborough. 

Westborough. 

Westborough. 

Westborough. 

Westborough. 

Westborough. 

Barre  Rains. 

Norton. 

Barre  Plains. 

Gilbertville. 

Barre  Plains. 
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m. 


Analtses  op  Wateb  sent  on  fob  Examination.* 

[Parts  per  mDUon.] 


I 

S5 

§ 

a 
a 

< 

8 
< 

u 

< 

Chlorine. 

5 

6 

1 

2 

1 

1 
1 

00 

1 

LooaUty. 

1 

.040 

.112 

3.00 

3.25 

176.00 

66.00 

- 

Concord. 

2 

.036 

.184 

8.00 

2.21 

104.00 

28.00 

- 

North  borough. 

3 

.066 

.112 

6.00 

.79 

116.00 

32.00 

- 

Northborough. 

4 

.012 

.028 

2.00 

1.82 

IM.OO 

86.00 

- 

Leverett. 

5 

.180 

.234 

6.00 

.71 

62.00 

28.00 

- 

Barre. 

0 

.024 

.104 

26.00 

0.71 

330.00 

134.00 

- 

Barre. 

T 

.068 

.148 

41.00 

11.35 

484.00 

166.00 

- 

Barre. 

8 

.066 

.104 

14.00 

8.61 

166.00 

44.00 

- 

Barre. 

0 

Trace. 

.134 

18.00 

4.48 

186.00 

04.00 

- 

Weston. 

10 

.134 

.144 

5.00 

.56 

60.00 

16.00 

- 

Barre. 

u 

.030 

.060 

6.00 

.24 

46.00 

12.00 

r 

Barre. 

12 

.176 

.100 

104.00 

7.14 

880.00 

168.00 

- 

Amherst. 

18 

.040 

.088 

8.00 

1.66 

108.00 

60.00 

None. 

Amherst. 

14 

.066 

.162 

6.00 

8.25 

188.00 

02.00 

- 

Amherst. 

16 

.048 

.088 

0.00 

.16 

84.00 

28.00 

- 

NorthfleM. 

16 

.072 

.006 

20.80 

4.67 

160.00 

64.00 

- 

Northfleld. 

IT 

.044 

.006 

13.00 

2.86 

164.00 

68.00 

- 

Littleton. 

18 

.088 

.044 

4.00 

.32 

66.00 

16.00 

- 

Holyoke. 

19 

.044 

.086 

4.00 

- 

80.00 

24.00 

- 

Holyoke. 

20 

.072 

.080 

6.00 

.16 

60.00 

36.00 

- 

Holyoke. 

21 

.084 

.080 

26.00 

4.16 

80.00 

82.00 

- 

Westminster. 

22 

.060 

.020 

6.00 

10.86 

292.00 

148. 00 

•    - 

Springfield. 

SS 

Tnee. 

Traoe. 

6.00 

6.43 

196.00 

124.00 

- 

Springfield. 

24 

.016 

.012 

6.00 

11.80 

300.00 

160.00 

- 

Springfield. 

28 

.022 

.012 

20.00 

2.60 

112.00 

20.00 

- 

North  Amherst. 

*  Analysis  of  well  water  at  the  sUtlon  is  confined  to  chemical  tests  with  reference  to  i 
excess  of  foreign  matter  from  sinks,  bams,  etc. 
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Analyses 

OP  "Water,  etc.  —  Continued. 

a 

1 

Ba 

< 

j 

3 

6 
1 

• 

1 

1 

2 

LocAlitf. 

20 

.008 

.008 

7.00 

5.43 

118.00 

48.00 

. 

Lev^ratt. 

27 

.024 

.052 

4.00 

1.95 

52.00 

82.00 

- 

BoathDeerfidd. 

28 

.024 

.040 

32.00 

1.82 

04.00 

40.00 

- 

Weston. 

29 

.020 

.086 

10.00 

1.82 

- 

- 

- 

Weston. 

3a 

1.000 

.920 

24.00 

7.02 

808.00 

104.00 

- 

Booth  DewfleU. 

31 

.440 

.208 

10.00 

3.12 

140.00 

68.00 

- 

Uuleton. 

82 

.296 

.184 

14.00 

1.60 

180.00 

40.00 

- 

Ldttleioa. 

33 

.036 

.136 

6.00 

.49 

144.00 

60.00 

- 

Littleton. 

34 

.160 

.288 

40.00 

9.71 

470.00 

168.00 

- 

35 

.116 

.128 

8.00 

2.21 

78.00 

46.00 

- 

New  Bratntree. 

36 

.012 

.148 

6.00 

1.48 

62.00 

20.00 

- 

New  Bratntree. 

37 

.016 

.180 

12.00 

2.21 

96.00 

12.00 

- 

Brockton. 

38 

.312 

.360 

14.00 

3.64 

176.00 

74.00 

- 

East  LezlDgton. 

39 

.120 

.116 

6.00 

1.11 

55.84 

- 

Lowell. 

40 

.020 

.384 

6.00 

1.11 

90.00 

26.00 

- 

Sprlogfield. 

41 

.128 

.520 

6.00 

.95 

76.00 

20.00 

- 

Sprlngaeld. 

42 

.032 

.168 

4.00 

1.95 

80.00 

26.00 

- 

Amhenu 

43 

.020 

.108 

5.00 

.95 

140.00 

60.00 

- 

Hadley. 

44 

.024 

.102 

8.00 

1.95 

104.00 

48.00 

- 

Amherst. 

45 

.024 

.180 

10.00 

1.95 

- 

- 

- 

Amhent. 

4fl 

.008 

.096 

4.00 

.95 

72.00 

24.00 

None. 

Amhent. 

47 

.004 

.092 

4.00 

.95 

80.00 

28.00 

- 

Amhent. 

48 

.016 

.086 

7.00 

2.21 

112.00 

52.00 

- 

Kendall  Green. 

49 

.008 

.060 

6.U0 

1.95 

112.00 

62.00 

- 

Kendall  Oraen. 

50 

.016 

.144 

4.00 

1.95 

104.00 

28.00 

- 

KendaU  OrMn. 

51 

.144 

.264 

8.00 

- 

100.00 

20.00 

- 

Pelham. 

52 

.036 

.204 

6.00 

- 

- 

- 

- 

PeUiam. 

53 

.016 

.192 

4.00 

- 

- 

- 

- 

Pelham. 

54 

.032 

.068 

22.00 

- 

- 

- 

- 

Amherst. 

65 

.060 

.096 

4.00 

4.86 

76.00 

24.00 

- 

Groenfleld. 

56 

.300 

- 

12.00 

- 

- 

- 

- 

Amherst. 

57 

.076 

.084 

96.00 

- 

- 

- 

. 

Amherst. 

58 

.008 

.068 

40.00 

- 

- 

- 

- 

Hadley. 

59 

.120 

- 

8.00 

- 

- 

- 

- 

Amherst. 
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Analyses 

OP  Water,  etc.  —  ConUnued, 

1 

1 

a 

2 

|js 

< 

j 

1 

1 

i 

i 

LocaUty. 

60 

.028 

.1&2 

18.00 

. 

- 

- 

Present. 

Amherat. 

01 

.096 

.084 

34.00 

- 

- 

- 

- 

Amhent. 

82 

Nooe. 

.040 

12.00 

4.03 

- 

- 

- 

Amhent. 

O 

.076 

.496 

18.00 

- 

- 

- 

- 

Amhent. 

04 

.024 

.092 

20.00 

- 

- 

- 

- 

Amherat. 

06 

.028 

.124 

7.00 

- 

- 

- 

- 

Amherat. 

06 

.024 

.244 

8.00 

- 

- 

- 

- 

Amherat. 

67 

.072 

.064 

14.00 

6.14 

190.00 

64.00 

- 

Springfield. 

06 

.040 

.308 

4.00 

.48 

160.00 

60.00 

- 

Spriogfleld. 

69 

NODO. 

.092 

6.00 

_ 

- 

- 

- 

Amherat. 

70 

.006 

.112 

8.00 

- 

- 

- 

- 

Amherat. 

71 

.022 

.242 

8.00 

- 

- 

- 

- 

South  Deerfleld. 

72 

.212 

.108 

6.0O 

6.29 

- 

- 

- 

Lawrence. 

73 

.088 

.232 

8.00 

2.99 

- 

- 

- 

Law  ranee. 

74 

.144 

.184 

12.00 

2.99 

- 

- 

- 

Lawrence. 

76 

.024 

.092 

86.00 

- 

- 

- 

- 

Amherst. 

76 

.010 

.162 

6.00 

- 

. 

- 

- 

Pelham. 

77 

.004 

.044 

7.00 

- 

- 

- 

- 

Medway. 

78 

None. 

.072 

18.00 

4.29 

- 

- 

- 

Worcester. 

79 

Trace. 

.082 

16.00 

. 

- 

- 

- 

Amherst. 

80 

1.840 

- 

16.00 

« 

- 

- 

- 

Amherat. 

81 

.012 

.448 

4.00 

.95 

134.00 

80.00 

- 

Pelham. 

82 

.040 

.188 

14.00 

- 

- 

- 

- 

Amherat. 

88 

.010 

.820 

12.00 

4.67 

- 

- 

- 

Amherat. 

84 

.008 

.184 

4.00 

.95 

- 

- 

- 

Amherat. 

86 

.006 

.040 

7.00 

1.00 

46.00 

4.00 

- 

Worcester. 

86 

.348 

.128 

6.00 

1.27 

29.00 

8.00 

- 

Weston. 

87 

.032 

.136 

20.00 

3.61 

174.00 

40.00 

- 

DIghton. 

88 

.106 

.920 

19.00 

0.29 

280.00 

80.00 

- 

Templeton. 

88 

.076 

.104 

60.00 

4.29 

- 

- 

- 

Amherat. 

00 

.120 

.064 

10.00 

0.71 

- 

- 

None. 

Amherst. 

01 

.024 

.068 

7.00 

- 

- 

- 

- 

North  Amherat. 

92 

.044 

.148 

10.00 

- 

- 

- 

- 

North  Amherst. 

98 

.016 

.164 

16.00 

- 

- 

- 

- 

Amherat. 
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Analyses 
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1§ 

< 
< 

a 

< 

h 

i 

1 

1 

IS 

i 

n 

2 

It 

1 

Locidltj. 

94 

.240 

.120 

10.00 

- 

- 

- 

- 

Boixth  Dewfield. 

85 

.540 

.440 

16.00 

- 

- 

- 

- 

Amherst. 

oe 

.044 

.080 

12.00 

- 

- 

- 

- 

Amherst. 

97 

.465 

.210 

4.00 

- 

- 

- 

- 

Amherst. 

98 

.012 

.176 

22.00 

5.43 

272.00 

86.00 

- 

Springfield. 

99 

.120 

.056 

18.00 

- 

- 

- 

- 

Amherst. 

100 

Trace. 

.072 

27.00 

- 

- 

- 

- 

Amherst. 

101 

Trace. 

.100 

86.00 

10.00 

- 

- 

- 

Amhem. 

102 

.032 

.120 

21.00 

6.43 

- 

- 

- 

Amhent. 

103 

.052 

.061 

14.00 

2.00 

- 

- 

- 

Amherst. 

104 

.064 

.042 

10.00 

1.43 

132.00 

60.00 

- 

Barre. 

105 

.072 

.152 

12.00 

2.21 

- 

- 

- 

Methnen. 

106 

.016 

.088 

9.00 

2.78 

- 

- 

- 

Amherst. 

107 

.004 

.250 

16.00 

2.34 

- 

- 

- 

Amherst. 

108 

.880 

.260 

81.00 

~ 

- 

- 

- 

Amherst. 

109 

.400 

19.00 

- 

- 

- 

Amherst. 

110 

.010 

.248 

4.00 

- 

96.00 

34.00 

- 

Pelham. 

111 

Trace. 

.070 

20.00 

5.29 

- 

- 

- 

Amherst. 

112 

None. 

.110 

13.00 

- 

- 

- 

- 

Amherst. 

113 

.074 

.106 

37.00 

10.30 

- 

- 

- 

Newbaryi>ort. 

114 

2.300 

- 

84.00 

- 

- 

- 

- 

Amherst. 

115 

.024 

.108 

51.00 

- 

- 

- 

- 

Amherst. 

lie 

.044 

.072 

6.00 

- 

- 

- 

None. 

North  Amherst. 

117 

.072 

.172 

6.00 

- 

- 

- 

- 

Petersham. 

118 

.030 

.150 

8.00 

.95 

- 

- 

- 

Amherst. 

119 

.024 

.178 

5.00 

.79 

- 

- 

- 

Ck>ldbrook  Springs. 

120 

.004 

.044 

12.00 

- 

- 

- 

None. 

Amherst. 

121 

.016 

.140 

7.00 

4.29 

- 

- 

- 

Amherst. 

122 

.012 

.074 

16.00 

2.08 

140.00 

42.00 

- 

Amherst. 

128 

.048 

.068 

4.00 

- 

- 

- 

- 

Lerexett. 

124 

.008 

.064 

9.00 

- 

- 

- 

- 

Amherst. 

125 

.004 

.064 

6.00 

- 

- 

- 

Amherst. 

126 

.008 

.056 

10.00 

- 

- 

- 

- 

Berlin. 

127 

.046 

.164 

80.00 

- 

226.00 

76.00 

" 

AmhetBt. 
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Analyses 

OP  Water,  etc.  —  Continued, 

§ 

< 
< 

1 

h 

< 

1 

m 

d 
1 

1 

3 

1 

1 

Looaliiy. 

1S8 

.120 

.190 

12.00 

-     . 

- 

- 

- 

Amhent. 

129 

Traee. 

.076 

8.00 

- 

- 

- 

Amherst. 

130 

.020 

.100 

6.00 

- 

- 

- 

- 

Peterabam. 

181 

.108 

.264 

9.00 

- 

- 

- 

* 

South  Amherst. 

182 

Traee. 

.268 

5.00 

- 

- 

- 

- 

Holyoke. 

183 

Trace. 

.070 

8.00 

- 

- 

- 

- 

Amherst. 

1S4 

None. 

.084 

10.00 

- 

- 

- 

Amherst. 

185 

.060 

.040 

9.00 

8.77 

- 

- 

Westford. 

186 

.680 

.350 

9.00 

5.57 

- 

- 

- 

Westford. 

187 

.016 

.116 

10.00 

- 

- 

- 

- 

Amherst. 

188 

.200 

.152 

16.00 

- 

- 

- 

- 

Amherst. 

189 

.076 

.312 

7.00 

- 

- 

- 

- 

Northborongh. 

140 

.084 

.240 

6.00 

1.11 

78.00 

46.00 

- 

Pelham. 

141 

.016 

.385 

20.00 

- 

- 

- 

- 

East  Lexington. 

142 

.008 

.064 

9.00 

2.99 

- 

- 

- 

Amherst. 

143 

None. 

.020 

7.00 

.48 

- 

- 

- 

Amherst. 

144 

.080 

.060 

9.00 

1.82 

- 

- 

- 

Amherst. 

146 

.014 

.020 

8.00 

.48 

- 

- 

Present. 

North  Brookfleld. 

146 

.008 

.088 

12.00 

- 

- 

- 

- 

Amherst. 

147 

Trace. 

.862 

8.00 

- 

- 

- 

Preaent. 

Amherst. 

148 

.136 

.224 

18.00 

6.86 

- 

- 

- 

Amherst. 

149 

.012 

.120 

10.00 

4.08 

160.00 

58.00 

- 

North  Hadley. 

ISO 

.006 

.188 

16.00 

7.43 

238.00 

104.00 

- 

WlUlamsburg. 

161 

.068 

.100 

4.00 

1.95 

84.00 

12.00 

- 

Westhampton. 

162 

.012 

.240 

4.00 

.56 

70.00 

20.00 

- 

Amherst. 

153 

.622 

- 

166.00 

- 

- 

- 

- 

North  Hadley. 

164 

.128 

.208 

5.00 

- 

- 

- 

- 

Monterey. 

155 

.040 

.264 

8.00 

- 

- 

- 

• 

Amherst. 

156 

.024 

.204 

8.00 

- 

- 

- 

Amherst. 

157 

.012 

.072 

9.00 

2.73 

88.00 

20.00 

- 

Chelmsford. 

158 

- 

.200 

5.00 

- 

74.00 

20.00 

- 

Amherst. 

169 

.176 

.192 

6.00 

.79 

76.00 

12.00 

- 

Amherst. 

160 

.072 

.076 

50.00 

9.14 

274.00 

104.00 

- 

North  Andover. 

161 

.040 

.208 

8.00 

- 

- 

- 

- 

West  Acton. 
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1 

1 

1 

« 

1 

I 

t 

LoK^Uty, 

162 

.012 

.180 

4.00 

- 

60.00 

s2.oa 

- 

IITorthfiekl. 

163 

.304 

.184 

6.00 

- 

60.00 

22.00 

- 

Normfleld. 

164 

.060 

.006 

4.00 

4.86 

76.00 

24.00 

- 

Greenfield. 

165 

.040 

.076 

3.50 

2.73 

70.00 

22.00 

- 

Greenfield. 

166 

.256 

.072 

18.00 

3.51 

166.00 

32.00 

- 

Boston. 

167 

.036 

.064 

7.00 

2.73 

120.00 

34.00 

- 

Boston. 

168 

.208 

.176 

5.00 

.48 

78.00 

- 

- 

Amherst. 

100 

.208 

.102 

5.00 

.48 

80.00 

20.00 

- 

AmhersL 

170 

.010 

.214 

4.00 

.48 

60.00 

24.00 

- 

Amherst. 

171 

.028 

.184 

5.00 

2.21 

TO.OO 

80.00 

- 

Greenfield. 

172 

.016 

.144 

4.00 

3.00 

104.00 

64.00 

- 

Greenfield. 

173 

.036 

.080 

5.00 

1.60 

54.00 

16.00 

- 

Greenfield. 

174 

.112 

.080 

7.00 

- 

- 

- 

Amherst. 

176 

.008 

.120 

11.00 

8.25 

124.00 

38.00 

- 

Amherst. 

176 

None. 

.002 

18.00 

5.14 

246.00 

06.00 

- 

Amherst. 

177 

Trace. 

.252 

8.00 

4.20 

128.00 

76.00 

- 

Amherst. 

178 

.068 

.160 

26.00 

- 

- 

- 

- 

North  Amherst. 

170 

.064 

.100 

4.00 

- 

- 

- 

- 

North  Amherst. 

180 

- 

- 

- 

4.08 

188.00 

90.00 

- 

Amherst. 

181 

.058 

.088 

21.00 

0.43 

270.00 

112.00 

-" 

Westford. 

182 

.050 

.036 

15.00 

10.00 

264.00 

134.00 

- 

Westford. 

183 

.016 

.248 

5.00 

.80 

76.00 

24.00 

- 

Amherst. 

184 

.012 

.236 

6.00 

.80 

76.00 

20.00 

- 

Amherst. 

186 

.024 

.120 

6.00 

4.20 

384.00 

60.00 

- 

Amherst. 

186 

.024 

.032 

8.00 

2.73 

06.00 

36.00 

- 

Amherst. 

187 

.020 

.108 

28.00 

2.21 

184.00 

48.00 

- 

Amherst. 

188 

.080 

.220 

12.00 

1.60 

84.00 

28.00 

- 

Sooth  Framhigjuun. 

180 

Trace. 

.064 

18.00 

7.14 

312.00 

72.00 

- 

Booth  Framingfaam. 

100 

.020 

.128 

8.00 

2.73 

68.00 

28.00 

- 

Booth  Framingham. 

101 

None. 

.140 

14.00 

4.03 

172.00 

52.00 

- 

Amherst. 

102 

.016 

.152 

16.00 

4.03 

212.00 

36.00 

- 

Amherst. 

103 

.012 

.068 

6.00 

5.14 

148.00 

48.00 

- 

North  Wilbraham. 

104 

.020 

.136 

32.00 

6.20 

260.00 

92.00 

- 

North  Amherst. 

105 

.148 

.200 

42.00 

0.71 

360.00 

116.00 

- 

North  Amherst. 
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Analyses 

OP  Water,  etc.  —  Conducted. 
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1 

it 

1 

1 

• 

Locality. 

g 

1 

5 

¥ 

s 

3 

190 

.100 

.006 

i.OO 

.48 

48.00 

24.00 

- 

Westford. 

107 

.048 

.084 

4.00 

- 

68.00 

36.00 

- 

Amberat. 

108 

.036 

.066 

12.00 

- 

196.00 

40.00 

- 

Amberai. 

190 

.012 

.024 

4.00 

1.43 

68.00 

28.00 

- 

Amhent. 

200 

.160 

.060 

10.00 

- 

- 

- 

- 

Amberai. 

The  analyses  have  been  made  according  to  Wancklyn's 
process,  fSuniliar  to  chemists,  and  are  directed  towards  the 
indication  of  the  presence  of  chlorine,  free  and  albuminoid 
ammonia,  and  the  poisonous  metals,  lead  in  particular. 
(For  a  more  detailed  description  of  this  method,  see  <*  Water 
Analyses,"  by  J.  A.  Wancklyn  and  E.  T.  Chapman.) 

Mr.  Wancklyn's  interpretation  of  the  results  of  his  mode 
of  investigation  is  as  follows :  — 

1.  Chlorine  alone  does  not  necessarily  indicate  the 
presence  of  filthy  water. 

2.  Free  and  albuminoid  ammonia  in  water,  without 
chlorine,  indicates  a  vegetable  source  of  contamination. 

3.  More  than  five  grains  per  gallon*  of  chlorine  (=71.4 
parts  per  million),  accompanied  by  more  than  .08  parts  per 
million  of  free  ammonia  and  more  than  .10  parts  per  million 
of  albuminoid  ammonia,  is  a  clear  indication  that  the  water 
is  contaminated  with  sewage,  decaying  animal  matter,  urine, 
etc.,  and  should  be  condemned. 

4.  Eight-hundredths  parts  per  million  of  free  ammonia 
and  one-tenth  part  per  million  of  albuminoid  ammonia  render 
a  water  very  suspicious,  even  without  much  chlorine. 

5.  Albuminoid  ammonia,  over  .15  parts  per  million, 
ought  to  absolutely  condemn  a  water  which  contains  it. 

6.  The  total  solids  found  in  the  water  should  not  exceed 
forty  grains  per  gallon  (571.4  parts  per  million). 


*  One  gallon  equals  70,000  grains. 
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An  examination  of  the  previously  stated  analyses  indicate 
that  Nos.  2,  5,  7,  8,  14,  30,  31,  32,  34,  36,  37,  38,  40,  41, 
42,  51,  52,  53,  56,  57,  59,  60,  63,  66,  68,  71,  72,  73,  74, 
76,  80,  81,  82,  83,  84,  86,  88,  92,  93,  94,  95,  97,  98,  105, 
107,  108,  109,  110,  114,  117,  118,  119,  127,128,  131,  132, 
136,  138,  139,  140,  141,  147,  148, 150,  153,  154,  155,  156, 
158,  159,  161,  162,  163,  168,  170,  171,  177,  178,  183,  184, 
188,  192  and  195  ought  to  be  condemned  as  unfit  for 
family  use;  while  Nos.  1,  3,  6,  9,  10,  12,  15,  16,  17,  20, 
33,  35,  39,  43,  44,  45,  46,  47,  48,  50,  55,  61,  64,  65,  67,  70, 
75,  78,  79,  87,  89,  90,  96,  99,  101,  102,  104, 112, 113, 115, 
121,  130,  137,  149,  151,  152,  160,  164,  166,  172,  174,  175, 
179,  185,  187,  190,  191,  194,  196  and  200  must  be  con- 
sidered  suspicious. 

Parties  sending  on  water  for  analysis  ought  to  be  very 
careful  to  use  clean  vessels,  clean  stoppers,  etc.  The  sam- 
ples should  be  sent  on  without  delay  after  collecting.  One- 
half  gallon  is  desirable  for  the  analysis. 

The  examinations  of  water,  carried  on  at  the  station  by 
request,  are  for  various  reasons  confined  simply  to  a  chemical 
examination  regarding  the  presence  or  absence  of  foreign 
injurious  matter  due  to  infiltration  from  objectionable 
sources  (sewage,  etc.).  The  recognition  of  the  presence  and 
absence  of  objectionable  bacterial  growth  is  left  to  experts 
in  that  direction. 


IV.     Compilation    of    Analyses    made    at    Amherst, 

Mass.,  of  AoRicuLTimAL  Chemicals  and  Refuse 

Materials  used  for  Fertilizing  Purposes. 

Prepared  by  C.  S.  Crocker. 
[As  tho  basis  of  valaatlon  changes  from  year  to  year,  no  valuation  Is  stated.] 


1868-1895. 


This  compUation  does  not  include  the  analyses  made  of  licensed  fertilizers.  They 
are  to  be  fonnd  in  the  reports  of  the  State  Inspector  of  Fertilizers  from  1873  to  1894, 
contained  in  the  reports  of  the  Secretary  of  the  Massachusetts  State  Board  of  Agri- 
cnlture  for  those  years.  C.  A.  G. 
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2.46 

9.04 

20.16 

27.29 

20.92 

2.70 

6.46 

9.40 

6.00 

8.46 

8.64 

.60 

4.50 

10.81 

1.88 
.06 

80.06 
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O.    Analyses  of  FruUa. 


NAliE. 

Bate. 

1 

1. 

□Q 

Mi 

a 

Eh 

a 

5 

1. 

m 

lii 

1877. 

Perct 

Perct 

Perct. 

Perct. 

c.a 

Apple  (Baldwin),     . 

Sept.    1, 

20.14 

1.056 

12—15 

8.09 

- 

- 

- 

Apple  (Baldwin),     . 

Oct.      9, 

19.66 

1.065 

12—15 

6.25 

- 

- 

- 

Apple  (Baldwin),     . 

Nov.  27, 

- 

1.075 

12—15 

10.42 

- 

- 

- 

Rhode  Island  Greening, 

Sept.    1, 

20.27 

1.055 

12—15 

8.16 

- 

- 

- 

Rhode  Island  Greening, 

Oct.     9, 

19.68 

1.066 

12—15 

7.14 

- 

- 

- 

Rhode  Island  Greening,! 

Nov.  27, 

20.25 

1.080 

12—15 

11.36 

- 

- 

- 

Pear  (Bartlett), 

Ang.  31, 

16.00 

1.060 

12—15 

4.77 

- 

- 

- 

Pear  (Bartlett), 

Sept.    7, 

16.66 

1.060 

12-15 

6.68 

- 

- 

- 

Pear  (Bartlett), 

Sept.  20, 

- 

1.065 

12—15 

8.62 

- 

- 

- 

Pear  (Bartlett),t       . 

Sept.  22, 

- 

1.060 

12-16 

8.93 

- 

- 

- 

Cranberries,      .       •       « 

- 

10.71 

1.025 

15 

1.35 

- 

- 

-§ 

Cranberries, 

1878. 

10.11 

1.025 

16 

1.70 

- 

- 

-11 

Early  York  Peach  (ripe). 

- 

- 

1.045 

25 

- 

1.92 

6.00 

45 

Early  York  Peach  (nearly  ripe). 

- 

10.9611 

1.039 

26 

- 

1.36 

4.12 

42.8 

Crawford  Peach  (nearly  ripe). 

- 

- 

1.050 

18 

- 

2.19 

7.02 

85.6 

Crawford  Peach  (mellow), 

- 

ii.86ir 

1.055 

18 

- 

1.70 

8.94 

76 

Crawford  Peach  (not  mellow). 

- 

11.88ir  1.045 

22 

- 

1.67 

6.92 

61 

*  One  part  Nat  COs  in  100  parte  of  water, 
t  Picked  October  9. 
X  Picked  September  7. 


§  Free  aoid,  2.25  per  cent. 
II  Free  acid,  2.43  per  cent. 
IT  In  pulp,  kept  ten  days  before  testing. 
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C.    Analyses  of  Fruits  —  Continaed. 
pvild  and  coltiTated  gntpes.] 


NAME. 

Bate. 

j 

03 

is 

1^ 

b 

P 

1 

5 

*Soda  Sol.  requir- 
ed to  neutralize 
100  parts  Juice. 

1S76. 

Perct. 

Per  ct. 

Perct. 

C.C. 

Concord, 

July  17, 

1.0175 

31 

8.80 

.646 

7.77 

- 

Concord,  . 

July  20, 

1.0150 

31 

8.10 

.625 

7.72 

216 

Concord,  . 

Aug.    2, 

1.0200 

26 

9.94 

.938 

9.44 

249 

Concord,  . 

Aug.  16, 

1.0250 

28 

10.88 

2.000 

18.38 

229 

Concord,  . 

Aug.  30, 

1.0500 

25 

15.58 

8.620 

55.83 

120 

Concord,  . 

Sept.  13, 

1.0670 

23 

17.48 

13.890 

79.46 

55 

Concord,  . 

Sept.    4, 

1.0700 

18 

19.82 

16.130 

81.38 

49.2 

Wild  Purple  Grape, 

July   19, 

1.020 

31 

9.00 

.714 

7.93 

204 

Wild  Purple  Grape, 

Aug.    4, 

1.020 

28 

12.25 

1.100 

8.98 

246 

Wild  Purple  Grape, 

Aug.  16, 

1.025 

28 

12.48 

2.000 

16.08 

238 

Wild  Purple  Grape, 

Aug.  80, 

1.060 

26 

16.68 

6.600 

39.81 

147.6 

White  Wild  Grape, 

Aug.  31, 

1.050 

26 

16.48 

9.260 

66.18 

98 

Hartford  Prolific, 

Sept.    6, 

1.000 

22 

17.39 

13.89 

79.87 

88.8 

Ivea*  seedling,. 

Sept.    6, 

1.070 

26 

20.16 

15.16 

75.14 

88.6 

lona,         .       . 

Sept.    7, 

1.080 

21 

24.56 

15.15 

61.68 

144 

lona  (mildewed). 

Sept.    7, 

1.045 

26 

15.41 

6.25 

40.56 

204.4 

Agawam, 

Sept.  11, 

1.076 

20 

20.79 

17.24 

82.92 

94.8 

WUder,    . 

Sept.  11, 

1.064 

20 

16.53 

13.67 

82.69 

56 

Delaware, 

Sept.  12, 

1.080 

24 

23.47 

17.86 

76.09 

74 

Charter  Oak,   . 

Sept.  12, 

1.080 

24 

15.98 

8.77 

61.94 

168.8 

Israella,    . 

Sept.  16, 

1.075 

28 

19.67 

9.20 

46.77 

89.8 

Bent's  Seedling, 

Sept.  20, 

1.080 

21 

20.65 

16.13 

78.11 

181.8 

Adirondack,    . 

Sept.  20, 

1.065 

21 

15.11 

18.17 

87.16 

68 

Catawba,  . 

Oct.    16, 
1877. 

1.080 

13 

23.45 

17.39 

74.16 

82 

Wilder,    .       . 

.  1  Sept.  11, 

1.065 

28 

16.41 

15.15 

92.32 

60 

Charter  Oak,    . 

.  '  Sept.  12, 

1.055 

23 

16.22 

9.80 

60.42 

96 

Concord,  . 

Sept.  IS, 

1.065 

24 

16.90 

13.16 

82.76 

102 

Concord,  . 

Sept.  26, 

1.075 

24 

19.34 

15.43 

79.78 

70.8 

Eumalan, . 

Sept.  24, 

1.066 

16 

19.62 

18.16 

67.07 

78 

Wild  While  Grape. 

Sept.    5, 

1.060 

22 

15.57 

7.20 

46.24 

140.8 

Wild  White  Grape  (shrivelled),  . 

Sept.  20, 

1.060 

16 

20.02 

10.00 

49.95 

130 

WUd  Purple  Grape  (shrivelled),  . 

Sept.  20, 

1.045 

16 

16.69 

8.22 

49.26 

104 

*  One  part  of  pure  Na2  COs  in  100  parts 


water. 


448  AGRICULTURAL  EXPERIMENT  STATION.  [Jan. 


C     Analyses  of  FruUa  - 
[Effect  of  girdling  oa 


—  Contmaed. 
grapes.] 


1 

6 

1- 

t 

1 

^ 

lis 

NAME  AND  CONDITION. 

Date. 

a 

s 

1^ 

Hartford  Prolific,  not  girdled, 

i»77. 

Sept.  3, 

1.045 

19 

Per  ct. 
12.85 

Perct. 
8.77 

Per  ct. 

68.25 

C.C. 
1114 

Hartford  Prolific,  girdled, 

Sept.  8, 

1.065 

19 

17.18 

12.50 

72.76 

100 

Wilder,  not  girdled, 

Sept.  8. 

1.055 

19 

15.41 

10.42 

67.62 

10&2 

Wilder,  girdled.      . 

Sept.  8, 

1.075 

19 

17.24 

14.70 

85.26 

88.4 

Delaware,  not  girdled. 

Sept.  4, 

1.065 

19 

15.75 

11.76 

74.66 

10L2 

Delaware,  girdled, . 

Sept.  4, 

1.075 

19 

19.14 

16.15 

79.16 

9iA 

Agawam,  not  girdled. 

Sept.  4, 

1.060 

19 

16.60 

11.37 

68.48 

128.2 

Agawam,  girdled,  . 

Sept.  4, 

1.075 

19 

18.45 

16.31 

87.42 

114.8 

lona,  not  girdled,    . 

Sept.  6, 

1.0625 

22 

16.00 

13.51 

68.31 

131.4 

lona,  girdled,  . 

Sept.  6, 

1.085 

22 

21.48 

15.63 

72.76 

125iS 

Concord,  not  girdled. 

s^pt.  «, 

1.045 

22 

13.46 

7.46 

55.42 

182.4 

Concord,  girdled,    . 

Sept.  fl. 

1.070 

22 

17.68 

18.88 

79.18 

102.8 

Concord,  not  girdled. 

Sept.a6. 

1.065 

22 

17.63 

18.70 

78.27 

66 

Concord,  girdled,    • 

Sept.  28, 

1.080 

22 

24.47 

19.61 

80.13 

76J 

Concord,  not  girdled. 

Oct.     6, 

1.076 

12 

20.92 

17.10 

85.87 

42 

Concord,  girdled,    . 

Oat.     5, 

1.085 

12 

- 

17.86 

- 

51 

Date. 

100  PABT8 

ov  Ob 

A.PB8  OO 

NTAIiniD  — 

<1 

i 

s 

|i 

1889. 

Concord,  not  girdled,     . 

Sept.  23, 

- 

84.69 

6.24 

.75 

Concord,  girdled,    . 

Sept.  23, 

.42 

B3.00 

8.18 

.85 

Concord,  not  girdled. 

Oct.     8, 

.53 

84.51 

6.09 

.48 

Concord,  girdled,     . 

Oct.     8, 
1890. 

.87 

S2.69 

8.50 

.50 

Concord,  not  girdled,     . 

Sept.  2S. 

.47 

UK49 

7J6 

1.15 

Concord,  girdled,    . 

Sept.  25. 

.48 

34.03 

9.29 

1.17 

Concord,  not  girdled,     . 

Oct.     9. 

.58 

S5.89 

7.67 

.n 

Concord,  not  girdled,     . 

Oct.     0, 

.59 

».ll 

6.65 

Jl 

Concord,  girdled,    . 

Oct.     0, 

JA 

)5.U 

9.12 

.74 

*  One  part  of  pure  Nas  CO«  In  100  parts  water. 
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C.     Ancdyses  of  Fruits  —  Ciontinaed. 
[Effect  of  fertilization  npon  the  organic  constitaents  of  wild  grapes.] 


NAME. 

Date. 

J 

^ 

i 

1 

If 

isrr. 

WUd  Parple  Gr«pe  Berrlei, . 

Sept.  20, 

16^1 

- 

- 

8.03 

- 

Unfertlllted. 

Wild  Purple  Orape  Berries, . 

It 

10.55 

- 

- 

13.51 

- 

Fertilized. 

Wild  Purple  Grape  Juice,     . 

<i 

- 

1.045 

16 

8.22 

0840 

UnferUlized. 

Wild  Purple  Grape  Juice,    . 

II 

- 

1.0S5 

16 

18.51 

1.140. 

Fertliiied. 

Wild  White  Grape  Berries, . 

u 

20.02 

- 

- 

- 

- 

Unfertilized. 

Wild  White  Grape  Berriee, . 

M 

21.66 

- 

- 

- 

- 

FerUUsed. 

Wild  White  Grape  Juice,     . 

«l 

- 

i.oeo 

16 

10.00 

1.846 

Unfertilized. 

Wild  White  Grape  Juice,     . 

II 

- 

- 

- 

14.29 

.038 

Fertilized. 

[Effect  of  fbrtilizAtion  npon  the  ash  oonstitnents  of  grapes.] 


NAME. 

Date. 

•SO 

i 

|o 

M 

|| 

|l 

1S7«. 

"mid  Purple  Grapes, 

Sept.  18. 

50.06 

.15 

22.23 

5.50 

.70 

17.40 

2.03 

Unfertilized. 

Wild  Purple  Grapes, 

Sept.  20, 

62.65 

.85 

14.24 

8.02 

.53 

13.18 

4.63 

Fertilized. 

Concord  Grai>es, 

July    7, 

41.78 

5.04 

25.03 

7J0 

.55 

18.48 

1.37 

Unfertilized. 

Concord  Grapes, 

July  17, 

47.84 

1.18 

24.21 

- 

.75 

21.88 

.43 

Unfertilized. 

Concord  Grapes, 

Aug.  18, 

61.14 

8.10 

16.20 

6.38 

.65 

20.77 

1.67 

Unfertilized. 

Concord  Grapes, 

Sept.  13, 
1S78. 

57.15 

4.17 

11.80 

8.10 

.40 

12.47 

11.82 

Unfertilized. 

Concord  Grapes, 

Oct.     3, 

64.65 

1.42 

0.13 

8.68 

.50 

14.87 

5.80 

FertiUzed. 

450  AGRICULTURAL  EXPERIMENT  STATION.  [Jan. 


C     Analyses  of  FruUa  —  Concluded. 
[Ash  analyses  of  flralts  and  garden  crops.] 


Ash. 

100  Pabtb  of  Ash  coNTAnwD— 

NAMK. 

£ 

1 

§ 

a 

^1 

i 

Concord  Grape  (fruit).     . 

- 

61.14 

3.19 

10.20 

0.38 

.06 

2o.n 

1.07 

Unfermeoted  Juice,     . 

- 

60.86 

.48 

8.09 

4.25 

.10 

0.43 

.90 

Fermented  juice, 

- 

40.09 

- 

0.86 

0.24 

- 

0.04 

- 

Bkins  and  pulp,  . 

- 

7.70 

.42 

67.30 

8.80 

.08 

24.40 

1.32 

Seeds, 

8.08 

0.71 

- 

- 

.t.03 

- 

17.20 

.29 

Sterna  of  grapes, . 

4.09 

20.01 

- 

20.20 

8.46 

■ 

17.75 

2.09 

Young  branches,* 

- 

24.71 

.94 

40.63 

10.00 

.<« 

17.10 

4.92 

Wood  of  vine,!    • 

2.97 

22.67 

- 

9.72 

4.2S 

14.07 

23.84 

Concord  Grapes,  1801,t     .       . 

.65 

49.70 

- 

3.60 

2.63 

1.19 

18.60 

2.01 

Clinton  Grape  (fruit). 

- 

68.46 

8.61 

13.34 

7.87 

.90 

18.19 

- 

Baldwin  Apple, . 

- 

03.64 

1.71 

7.28 

6.62 

1.08 

20.87 

3.08 

Strawberry  (fVuit),§ 

.62 

49.24 

8.23 

13.47 

8.12 

1.74 

18.50 

5.00 

Strawberry  (fruit)  ,|| 

- 

68.47 

- 

14.04 

0.12 

3.87 

17.40 

- 

Strawberry  vines. 

3.34 

10.02 

13.36 

30.03 

8.83 

0.01 

14.48 

14.17 

Cranberry  (fruit). 

.18 

47.90 

0.68 

18.68 

0.78 

- 

14.27 

- 

Cranberry  vines. 

2.46 

12.98 

8.27 

10.49 

10.33 

3.36 

10.04 

84.04 

Currants,  red,    . 

'.        . 

.47 

47.08 

4.02 

18.90 

0.23 

1.20 

21.91 

- 

CurranU,  white, 

.69 

62.79 

3.00 

17.08 

5.08 

2.07 

18.78 

- 

Crawford  Peach,  sound,  . 

- 

74.40 

- 

2.04 

0.29 

.58 

18.02 

- 

Crawford  Peach,  diseased.lT     . 

- 

71.30 

- 

4.08 

6.49 

.40 

18.07 

- 

Branch, sound,    . 

- 

20.01 

- 

64.62 

7.68 

.62 

11. ST 

- 

Branch,  diseased,? 

- 

16.07 

- 

04.23 

10.28 

1.45 

8.37 

- 

Carnation  PinkB( whole  plant),*" 

'     8.80 

38.07 

42.84 

18.04 

3.98 

.34 

5.23 

.24 

Asparagus  steins, 

- 

42.94 

8.68 

27.18 

12.77 

1.22 

12.81 

.08 

Asparagus  roots. 

- 

60.43 

6.42 

16.48 

7.57 

- 

16.09 

3.07 

Onions, 

•        • 

- 

38.61 

1.90 

8.20 

3.86 

.68 

16.80 

8.33 

•  With  tendrUs  and  blossoms.  {  Wilder, 

t  One  year  old.  ||  Downing. 

X  Nitrogen  in  dry  matter,  .00  per  cent.  IT  Yellows. 

**  Nitrogen  in  dry  matter,  1.15  per  cent. 
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D.    AncUyses  of  Sitgar-prodtudng  HarUt. 

[Compofition  of  ingar  beets  railed  npon  the  college  groandi  dming  the  seaaon  of 

1870  and  1871.] 


NAME. 

Date. 

Briz 

Saccharom- 

eter 

Percent, 
of  Sugar. 

Kon- 
saccharine 

(Degree.). 

Sabstances. 

Electoral,  . 

Sept.  10, 

U 

12.30 

1.75 

Imperial,  . 

*•      12, 

15 

12.59 

2.41 

Vilmorin,  , 

"      13, 

14.5 

12.95 

1.55 

Imperial,   . 

"      18, 

14 

10.79 

3.21 

Imperial,  . 

Oct.    11. 

15 

12.05 

2.95 

Electoral,  . 

"      16, 

15 

12.22 

2.78 

Vilmorin,  . 

"      18, 

16 

13.13 

2.87 

Imperial,   . 

Not.  14, 

15 

11.60 

8.34 

Vilmorin,  . 

"      21, 

15.5 

13.12 

2.38 

Vienna  Globe,* , 

Sept.  19, 

11 

8.00 

3.00 

Common  Mangold,* 

"      19, 

9 

5.00 

3.97 

•  Fodder  beeta. 


[Percentage  of  sagar  in  different  Tarietlea  of  sagar  beets  grown  on  college  farm  during 
the  season  of  1882.] 


Source  of 
Seed. 


Weight  In 
Pounds. 


Per  Cent,  of 
Sugar  In  Juice. 


I.   Vilmorin, 
n.  Vilmorin, 

I.  White  Imperial, 

II.  AVhite  Imperial, 
New  Imperial,    . 

I.  White  Magdebnrg, 

II.  White  Magdeburg, 
Quedlinburg, 
White  Silesian,  . 


Saxony, , 
Saxony,  , 
Saxony,  , 
Saxony, , 
Saxony,  , 


f  to  I 

f  to  1 

J  to  1} 

IJ  to  2 

H  to  If 


Saxony, .     IJ  to  2 


Silesia,  . 
Saxony, . 
Silesia,  . 


li  to  1} 
IJ  to  1} 
IJ  to  IJ 


15.50 
15.61 
14.20 
10.27 
13.80 
13.10 
10.06 
13.44 
9.72 
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Z).     Analyses  of  Sugar-producing  Plants  —  Continued. 
[Effect  of  soil  and  fertilization  on  Electoral  sagar  beets.*] 


SOIL. 

MANURE. 

Specific  Gravity 

Brtx 

(Deirreei). 

1' 

15 

31 

Sandy  loam, 

Fresh  yard-manure. 

16.5 

12.60 

4.00 

76.08 

Clayish  loam,     . 

Fresh  yard-manure, 

15.6 

11.05 

4.45   71.30 

Warm  alluvial, . 

Yard-manure   and 
chemicals,  . 

12.75 

9.17 

1 

1 

8.58   71.92 

Warm  alluvial,  . 

Fresh  hog-manure,     '   . 

13.5 

9.53 

8.97  70.06 

Light,  sandy  soil, 

No  manure,    . 

18.5 

13.73 

4.77 

74.21 

Alluvial  soil,      . 

Brighton  fish. 

14.5 

.11.15 

3.85 

76.90 

Heavy  soil, 

Yard-manure, 

12.26 

8.15 

4.10 

66.63 

- 

- 

18.6 

9.90 

8.60 

73.33 

*  Not  TwAaed  on  college  farm  (Connectlciit  valley) . 


[Eflbct  of  fertilization  on  sagar  beets.*] 


FERTIUZEKS. 

PKRCKKTAaBS  OF  SUOaS  Uff  JUICK. 

Kreeport. 

Electoral. 

Vilmoiin. 

Fresh  horse-manure,  .... 
Blood  guano  without  potash, 
Blood  guano  with  potash,  . 
Kainlte  and  superphosphate,      . 
Sulphate  of  potash,     .... 
Second  year  after  stable-manure, 

11.96 
10.99 
12.66 
18.15 
14.52 
13.49 

9.42 
10.10 

13.24 
12.16 
14.82 
12.78 

7.80 
10.20 

10.60 
10.60 
12.78 
12.19 

*  All  were  grown  on  the  same  aoll,— sandy  loam  (college). 
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D.     Analyses  of  Sugar-producing  Plants — Continued. 
[Effect  of  dUfeient  modes  of  caltiration  on  Electoral  sugar  beets.] 


Brlx 

Per  Cent 

Kon- 

Locality  of  Bbrt-virlo. 

^  ^         ,  Saccharom- 
Date.              ctcr 

of  Cane 

saccharine 

1  (Degree.). 

Sugar. 

Substances. 

1.    Sing  Sing,  N.  Y  ,     . 

1872-73 

11 

7.80 

3.20 

2.    Washington,  N.Y.,. 

tt 

14 

10.97 

3.03 

3.    South  Hartford,  N.  Y., 

ti 

15 

11.70 

3.30 

4.    Greenwich,  N.  Y.,    . 

t( 

12 

9.50 

2.50 

5.    Frankfort,  N.  Y.,     . 

u 

13.5 

11.00 

2.50 

6.    Albion,  N.  Y.,* 

tc 

18 

15.10 

2.90 

Albion,  X.  Y.,t 

It 

14 

9.70 

4.30 

*  From  \>eetB  weighing  from  1>^  to  2  ponndit.      t  From  beeta  weighing  from  10  to  14  pounds. 

1.  Soil,  loam  resting  on  clayish  hard-pan,  had  been  for  several  years 
in  grass.  Tomatoes  had  been  the  preceding  crop.  Five  hundred 
pounds  of  a  phosphatic  blood  guano  were  applied  before  planting, 

2.  Soil,  a  clayish  loam,  had  been  ploughed  seven  inches  deep.  A 
liberal  amount  of  rotten  sheep-manure  was  placed  in  trendies  and 
covered  by  running  two  fun-ows  together,  thus  forming  a  ridge  on 
which  the  seed  were  planted. 

3.  Soil,  a  gravelly  loam,  which  had  been  richly  manured  with  stable 
compost  and  twice  ploughed  before  planting. 

4.  Soil,  a  sandy  loam,  underlaid  by  fine  sand.  The  seed  were  planted 
on  ridges,  which  covered  trenches  containing  a  little  rotten  stable- 
manure. 

5.  No  details  of  modes  of  cultivation  received. 

6.  Soil,  a  dark,  reddish-brown,  rich,  deep,  sandy  loam.  Clover  had 
been  raised  for  two  years  previous  to  a  crop  of  carrots,  which  preceded 
the  sugar  beets.  The  beets  were  the  second  crop  after  the  application 
of  twenty  loads  of  stable-manure  per  acre. 


Composition  of  Canada-grown  Sugar  Beets, 
[1872  and  1873.] 


Whekb  Growk. 

Weight  of 
Roots. 

Specific 

Qrarlty  of 

Juice 

(Brix). 

Tempera- 
ture of 
Juloe. 

Percent. 

of  Cane 

Sngar 

In  Juloe. 

EchauUon  de  Montreal, . 
Riviere  du  Loup,    . 

Chambly • 

Maskinonge,   .... 

2  to  2i  lbs. 
2  to  34  lbs. 
2  to  2  r  lbs. 
2  to  3    lbs. 

15.4° 

14.5° 
13.2° 
13.4° 

64°  F. 

63°  F. 
63°  F. 
63°  F. 

11.38 
10.20 

9.02 

8.83 
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D.     Analyses  of  Sugar-producing  Plants  —  Contlnaed. 

[Early  Amber  Cane.] 


Date. 

CONDITION  OF  CANE. 

II 

It 

5 

1 

Soda  solution  re- 
quired  to  neu- 
tralize lUO  parts 
Of  Juice. 

1 

1«79. 

Perct. 

Perct. 

C.  C. 

Perct 

Aag.  16. 

No  flower  atalks  in  sight,  • 

4.2 

27 

2.48 

None. 

6.8 

7.93 

Aug.  16. 

No  flower  aUlka  in  sight,  * 

5.8 

24 

4.06 

None. 

0.0 

11.10 

Aug.  20, 

Flower  stalks  developed,* 

7.9 

24 

3.47 

2.15 

7.0 

13.00 

Aug.  24, 

Flowers  open,* 

8.7 

23 

3.70 

3.00 

4.0 

14.07 

Aug.  27. 

Plants  in  fall  bloom,* 

10.0 

25 

3.65 

4.13 

10.0 

15.48 

Aug.  30. 

Seed  forming,* 

9.6 

SO 

4.00 

8.81 

0.5 

16.14 

Sept.     2, 

Seed  In  milk,* 

10.7 

27 

8.85 

4.41 

0.5        15.85 

Sept.    9, 

Seeds  still  soft,* 

12.1 

22 

3.21 

6.86 

9.5    '   26.13 

Sept.     9, 

Stripped  on  Sept.  2,* . 

12.8 

22 

3.77 

6.81 

9.6    '   26.75 

Sept.  18. 

Left  on  field  without  stripping,* 

13.2 

22 

3.57 

7.65 

- 

- 

Sept.  18, 

Tops  removed,* 

13.8 

22 

8.16 

8.49 

- 

- 

Sept.  18, 

Tops  and  leaves  removed  on  Sept.  9,* 

11.5 

22 

3.16 

5.85 

- 

- 

Sept.  18. 

Tops  removed ;  left  on  field  9  days,* 

12.8 

22 

10.00 

.60 

- 

- 

Sept.  21, 

Juice  from  the  above,* 

13.0 

21 

- 

- 

- 

- 

Sept.  23, 

Juice  from  the  above,* 

15.0 

18 

- 

- 

. 

- 

Sept.  25. 

Left  on  field  3  weeks,! 

19.8 

21 

11.91 

6.27 

- 

- 

Sept.  28, 

Left  on  field  8  weeks,t 

17.8 

12 

16.60 

- 

- 

- 

Oct.      4. 

Left  on  field  3  weeks,t 

16.1 

17 

8.62 

6.16 

12.0 

- 

Oct.      7, 

Freshly  cut.    Ground  with  leaves,! 

16.7 

20 

4.16 

9.94 

6.8 

- 

Oct.      8, 

Freshly  cut.    Stripped  two  weeks,! 

12.8 

17 

5.16 

5.27 

7.0    ■       - 

Oct.      9, 

Freshly  cut.    Stripped  two  weeks,! 

18.4 

17 

7.57 

- 

10.6 

Oct.     14, 

Several  weeks  old,!    .       .       .       . 

18.2 

15 

10.42 

- 

10.4 

Oct.     18. 

Several  weeks  old,!    .        .        .        . 

15.1 

23 

7.57 

- 

- 

Oct.     19, 

Several  weeks  old,!    .... 

15.5 

15 

9.22 

- 

13.6     ■       - 

Oct.    22, 

Several  weeks  old,!    . 

16.2 

16 

8.30 

- 

- 

Oct.     23, 

Several  weeks  old,!    .... 

18.8 

17 

11.30 

5.5 

14.0 

Oct.     24, 

Several  weeks  old,!    .... 

16.6 

15 

8.63 

- 

9.0 

10 

OPabi 

rs  OP  Caks  COS 

rTAINSD  — 

£ 

1 

i 

s 

5 

i 

1889. 

1 

Octol)eT, 

Early  Tennessee  sorghum,  mature. 

77.4 

3 

1.79 

3.21 

5.00 

1 

October, 

Price's  new  hybrid,  ripe,  . 

77.» 

0 

2.92 

3.78 

6.70 

c  ^ 

October, 

Kansas  orange,  green. 

80.6 

7 

2.38 

3.63 

6.01 

A 

October, 

New  orange,  green.    .... 

78.3 

D 

2.96 

8.85 

6.81 

u 

October. 

Honduras,  green,        .... 

77.6 

5 

3.08 

4.01 

7.09 

o 

•  Raised  on  the  college  farm.       f  Raised  by  farmers  in  the  vicinity  of  the  college. 
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D.    Analyses  of  Sugar-producing  Plants  —  Concluded. 
[Composition  of  tiie  Jnice  of  com  italics  and  melons.] 


VARIETY. 

o 
1 

1^ 

'i 

1 
1 

Northern  com,*        .... 

1.023 

27 

Per  ct, 
4.35 

Per  ct. 
0.28 

Per  ct. 
15.18 

Black  Mexican  sweet  corn,t    . 

1.048 

27 

2.06 

7.02 

17.44 

Evergreen  sweet  corn,f  . 

1.052 

- 

4.85 

5.70 

20.38 

Common  sweet  corn^     . 

1.085 

- 

6-60 

None. 

- 

Common  yellow  musk-melon,§ 

1.040 

26 

1.67 

2.65 

- 

White-flesh  water-melon. 

1.025 

18 

2.91 

2.16 

- 

Bed-flesh  water-melon,   . 

1.025 

22 

8.57 

2.18 

- 

Red-flesh  water-melon,    . 

1.025 

19 

3.84 

1.77 

- 

Nutmeg  mu8k-melon,||    . 

1.030 

19 

3,33 

2.11 

- 

Nutmeg  miisk-melon,l  . 

1.050 

20 

2.27 

5.38 

- 

Nutmeg  musk-melon,** 

1.030 

19 

2.50 

1.43 

- 

*  TasaelB  appearing, 
t  Ears  ready  for  the  table. 
X  Kernels  somewhat  hard. 
$  Fully  ripe. 


II  Not  ripe. 
IT  Ripe. 
••  Over-ripe. 
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I.    Experiments  with  Ruminants. 

II.    Experiments  with  Swine. 

Dsc.  81«  1804. 
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METEOEOLOGY. 

C.  H.  Johnson. 


1894. 


The  meteorological  observations  have  been  continued  as 
in  previous  years.  The  temperature,  the  force  and  the 
direction  of  the  wind  and  the  amount  of  cloudiness,  are 
recorded  each  day,  at  7  a.m.,  2  p.m.  and  9  p.m.  During 
the  summer  months  the  reading  of  a  wet-bulb  thermometer 
takes  place  at  the  same  time.  Eecords  are  also  taken  of 
maximum  and  minimum  temperatures,  rainfall,  and  of  casual 
meteorological  phenomena. 

Monthly  and  annual  reports  are  sent  to  the  headquarters 
of  the  New  England  Weather  Service  at  Boston. 

The  most  conspicuous  meteorological  phenomena  of  the 
past  year  (1894)  will  be  briefly  considered  here,  while  the 
following  tables  will  show  the  average  monthly  temperature, 
precipitation,  prevailing  direction  of  the  wind,  etc. 

The  mean  temperature  for  January,  February  and  March, 
viz.,  28.03^,  was  above  the  normal,  and  6.15°  above  that 
for  the  first  three  months  of  1893.  The  precipitation,  viz., 
6.28  inches,  was  about  4  inches  below  normal,  and  5.59 
inches  below  that  for  the  same  season  in  1893. 

There  were  4  inches  of  snow  on  the  ground  at  the  begin- 
ning of  the  year,  but  this  had  nearly  all  disappeared  by  the 
15th  of  January.  On  the  27th  of  January  5  inches  of  snow 
fell,  and  on  the  29th  and  30th  there  was  a  storm  giving  10 
inches,  so  there  were  13  inches  of  snow  on  the  ground  at 
the  end  of  the  month. 

The  daily  mean  temperature  for  January,  viz.,  25.43^, 
was  about  5°  above  the  normal,  and  was  10.95°  above  that 
of  January,  1893,  as  recorded  at  this  station.  The  precipi- 
tation was  much  below  the  normal. 
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The  mean  temperature  for  February,  viz.,  19.68®,  was 
about  4P  below  the  average.  On  the  morning  of  the  25th 
the  minimum  reading  was  — 18®.  The  mean  temperature  for 
the  24th  was  —  1°  and  for  the  25th  —  2.5®,  these  being  the 
two  coldest  days  of  the  year.  The  precipitation  was  much 
below  the  normal,  but  the  ground  was  well  protected  with 
snow  during  the  greater  part  of  the  month. 

The  month  of  March  was  warm  and  dry.  The  daily  mean 
temperature,  viz.,  39®,  was  nearly  10®  above  the  normal, 
and  was  9.4®  above  that  of  March,  1893.  The  precipitation, 
viz.,  l.fiS  inches,  was  nearly  2  inches  below  the  average. 

April  was  also  characterized  by  being  unusually  warm  and 
pleasant.  The  daily  mean  temperature,  viz.,  45.6®,  was 
about  2®  above  the  normal.  The  precipitation,  viz.,  1.60 
inches,  was  2  inches  below  the  average  for  that  month. 
There  was  a  storm  on  the  8th  giving  4  inches  of  snow,  and 
one  on  the  12th  and  13th  giving  2  inches.  This  was  the  last 
snowfall  of  the  season.  April  being  so  warm  and  dry, 
farmers  were  enabled  to  get  most  of  their  land  in  condition 
for  planting,  and  some  had  planted  potatoes,  onions,  mixed 
forage  crops,  etc.,  by  the  25th. 

The  mean  temperature  for  May  was  about  the  average. 
The  mercury  reached  the  freezing  point  several  times.  On 
the  morning  of  the  15th  the  minimum  reading  was  28®.  The 
precipitation  was  about  normal,  but  most  of  it  occurred 
during  the  last  week  of  the  month.  The  dry  weather  during 
the  first  two  weeks  of  the  month  retarded  the  germination 
of  seeds  and  growth  of  plants.  Frosts  on  the  15th  and 
22d  injured  those  crops  that  were  up,  and  damaged  fruit, 
especially  on  low  lands.  The  frost  of  the  22d  was  the  last 
of  the  season. 

The  mean  temperature  for  June,  viz.,  67.53®,  was  about 
3®  below  the  normal.  The  rainfall  was  5  inches  below  the 
average,  and  most  of  it  occurred  during  the  first  and  last 
part  of  the  month,  while  the  middle  was  hot  and  dry.  The 
month  was  favorable  for  the  growth  of  all  crops.  Haying 
was  quite  general  by  the  15th. 

The  month  of  July  was  hot  and  dry.  The  daily  mean 
temperature,  viz.,  71.9®,  was  about  4®  above  the  normal, 
while  the  rainfall,  viz.,  1.60  inches,   was  nearly  3  inches 
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below,  and  1  inch  below  that  for  July,  1893.  The  absolute 
maximum  temperature  was  98°,  occurring  on  the  20th. 

August  was  extremely  dry.  The  mean  temperature  was 
about  normal,  while  the  precipitation,  viz.,  32  inches,  was 
nearly  4  inches  below. 

The  continued  drought  of  July  and  August  caused  great 
damage  to  farmers,  seriously  injuring  crops;  drying  up  wells 
and  springs,  so  that  in  many  instances  the  water  supply  was 
almost  or  entirely  shut  off. 

The  first  fipost  of  the  season  occurred  on  the  22d  of  August, 
and  slightly  injured  vegetation  on  low  lands. 

The  mean  temperature  for  September  and  October  was 
about  3°  above  normal,  and  the  rainfall  about  normal.  These 
months  were  favorable  for  the  ripening  and  harvesting  of 
crops. 

The  mean  temperature  for  November  was  about  normal, 
while  the  precipitation  was  5  inches  below.  A  trace  of  snow 
fell  on  the  5th,  which  was  the  first  of  the  season. 

For  December  the  mean  temperature  was  about  normal, 
while  the  precipitation  was  slightly  below. 

The  precipitation  has  not  been  sufficient  to  fill  up  the  wells 
and  springs,  and  now  there  is  a  scarcity  of  water  in  many 
localities. 
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Summary  op  Meteorological  Observations,  1894. 
January^  February^  March^  April, 


IftOS. 


Date. 


1804. 


Date. 


MeaD  temperature, 
Absolute  maximum  temperature. 
Absolute  minimum  temperature, 
Mean  monthly  range,   • 
Total  precipitation  (inohee). 
Total  snowfall  (Inches) » 
Lost  snowfall  (inches). 


20.89* 
W.OO* 
-18.00' 
19.34* 
15.63 
71.25 
trace 


April   1, 
Jan.   17, 


April  21, 


82.43* 

77.00* 

-18.00* 

20.99* 

7.98 
46.46 

2.00 


April  27. 
Feb.  25. 


April  12. 


May^  Junsy  July^  Avgvst, 

Mean  temperature,        .... 

e4.4r 

- 

65.09* 

- 

Absolute  maximum  temperature. 

94.00* 

Aug.  10, 

98.00* 

July  20. 

Absolute  minimum  temperature. 

81.00* 

May     8, 

28.00* 

May  15. 

Mean  monthly  range,   .... 

24.12* 

- 

25.52* 

- 

Last  frost, 

- 

May     8, 

- 

May  22. 

Total  precipitation  (Inches), 

18.88 

- 

9.16 

- 

September  J  October,  November^  December, 


Mean  temperature. 
Absolute  maximum  temperature. 
Absolute  minimum  temperature, 
Mean  monthly  range,   . 

First  frost 

Total  precipitation  (Inches), 
First  snowfall  (inches). 
Total  snowfall  (Inches), 


42.29* 

81.00* 

-13.00* 

21.82* 

14.81 
trace 
15.25 


Sept.  10, 
Deo.  14, 

Sept.   8, 

Nov.    4, 


44.07* 

91.00* 

— 7.00* 

19.25* 

15.05 
trace 
25.00 


Sept.  10. 
Dee.  28. 30. 

Aug.  22. 

Nov.  6. 


Entire  Year, 


Mean  temperature. 

Total  precipitation  (inches). 

Total  snowfall  (Inches), 


44.55* 
48.22 
86.50 


47.39* 
82.08 
71.45 
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The  Home  and  Mart,  East  Boston,  Mass. 
The  American  Nation,  Boston,  Mass. 
New  England  Homestead,  Springfield,  Mass. 
Farmers'  Advocate,  St.  Albans,  Vt 
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German  Agricultural  and  HorticulturalJoumal  (German),  New  York, 
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Dorset  Quarterly,  Washington,  Pa. 
Chester  County  Village  Record,  West  Chester,  Pa. 
Maryland  Farmer,  Baltimore,  Md. 
Baltimore  Weekly  Sun,  Baltimore,  Md. 
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The  New  Agricultural  Era,  Indianapolis,  Ind. 
The  Clover  Leaf,  South  Bend,  Ind. 
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Elgin  Dairy  Report,  Elgin,  111. 

The  Dairy  Messenger,  Chicago,  111. 
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Uniyersity  Record,  Ann  Arbor,  Mich. 

Fanners'  Home  Weekly,  Dayton,  Ohio. 

American  Grange  Bulletin,  Cincinnati,  Ohio. 

Journal  of  Columbus  Horticultural  Society,  Columbus,  Ohio. 

The  Louisiana  Planter,  New  Orleans,  La. 

Hoard's  Dairyman,  Fort  Atkinson,  Wis. 

Hospoda  (Bohemian  Jounial),  Omaha,  Neb. 

The  Industrialist,  Manhattan,  Kan. 
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The  Industrial  American,  Lexington,  Ky. 

Journal  of  the  Elisha  Mitchell  Scientific  Society,  Chapel  Hill,  N.  C. 

Southern  Cultivator,  Atlanta,  Ga. 

Monthly  Florida  Bulletin,  Tallahassee,  Fla. 

West  American  Scientist,  Los  Angeles,  Cal. 

California  Cultivator  and  Poultry  Keeper,  Los  Angeles,  Cal. 

Journal  of  the  Geographical  Society  of  California,  San  Francisco,  Cal. 

Riblications  of  the  Department  of  Agriculture,  Quebec,  Canada. 

The  Journal  of  Agriculture,  Montreal,  Canada. 

Bulletins  of  the  Central  Experiment  Farm,  Ottawa,  Canada. 

Industrial  Journal  of  Agriculture,  Montreal,  Canada. 

Agricultural  Student's  Gazette,  Cirencester,  England. 

Journal  of  Microscopy  and  Natural  Science,  Bath,  England. 

Lawes  and  Gilbert,  Rothamstead,  England. 

British  Dairy  Farmers'  Association,  London,  England. 

British  Daily  Farmer  and  Dairy  World,  London,  England. 

Landwirtschaftliche  Blotter,  Cassel,  Germany. 

Jahresbericht  der  Samen  Control  Station,  Vienna,  Austria. 

Berichte  der  Landwirtschaftliche  Yerssuchstation,  Halle,  Germany. 

Bulletins  Ministere  de  I'Agriculture,  Paris,  France. 

Bulletins  of  the  College  of  Agriculture,  Tokio,  Japan. 

Bulletins  of  the  Department  of  Agriculture,  New  South  Wales,  Australia, 

Agricultural  Gazette,  New  South  Wales,  Australia. 

Bulletins  of  the  Department  of  Agriculture,  Brisbane,    Queensland, 

Australia. 
Garden  and  Field  Journal,  South  Australia. 
Journal  of  the  Coimcil  of  Agriculture,  Hobart,  Tasmania. 
Relatorio,  Annual  da  Estacao  Agronomica  de  Campinas,  Sao  Paulo 

Brazil. 
Ragguagli,  Laboratorio  Chimico  Agrario  di  Bologna,  Bologna,  Italy. 
Reglamento,  etc  ,  Estacion  Agronomica  del  Instituto  Agricolo  de  Alfonso 

Xn.,  Madrid,  Spain. 
Bulletins,  Sculola  Superiore  d'  Agriculture,  Portugal. 
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